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1. Abstract 
A user configurable simulation is presented which 
models sequential manufacturing operations with imbedded 
inspections stations. The machines are defined by sets of 
modifying equations which are used to alter specific 
attributes of a part as it is processed. When a part leaves 
a machine, an inspection may be performed to determine if 
the attibutes are within specified tolerances. If one of 
the attributes is out of tolerance, it is recorded as a 
reject and is removed from the line if so instructed. The 
number of rejections and statistics on an attribute are 
collected for each attribute modified by each machine. Data 
for a histogram for each attribute may also be collected. 
Output reports are generated from the statistics and 
histogram data that is compiled and can be constructed to 
fit the specific needs of the user. These reports provide 
the basis for critical decisions such as changing a 
distribution or tolerance range. The simulation can be 
easily modified to accommodate these decisions. The user, 
in effect, has the ability to create and modify his own 
simulation which is easy to implement and is informative as 
well. 
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2. Problem Definition 
This model is designed t
o simulate a production 
system 
consisting of a series o
f machines which alter 
the 
configuration of the par
t being manufactured. E
ach machine 
is defined by a set of d
istributions or modifyin
g equations 
which are used to alter 
specific attributes of a
 part as it 
is processed. Every tim
e a part leaves a partic
ular machine 
an inspection may be per
formed to determine .if a
ll the 
attributes modified by t
he preceding process are
 within 
specified tolerances. I
f any one attribute is n
ot within 
its particular tolerance
, the part is recorded a
s a reject 
and if so instructed, rem
oved from the line (see Figur
e 2A). 
The number of rejections and st
atistics on·an attribute
, 
such as the mean and sta
ndard deviation, are co
llected for 
each attribute for each 
machine. A histogram o
f the range 
of values of an attribut
e may also be collected.
 ,These 
provide the basis for ou
tput reports. 
The main objective of this proj
ect is to provide the 
user with a means of cre
ating his own simulation
 of a 
specific manufacturing o
peration that is easy to
 understand, 
implement and modify as 
well as being accurate a
nd 
informative. 
Any information which is
 entered by the user may
 be 
modified at a later date
, including: the process
es and their 
descriptions, the attrib
utes and their descripti
ons, 
2 
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Figure 2A - Schematic Diagram of the Processes 
Process n 
Alter 
Attributes 
2,3,5 
modifying equations, tolerances values, histogram 
specifications and the number of parts to be processed. A 
process and the attributes it modifies may be deleted or 
inserted anywher~ in the system. Modifying equations, 
tolerances and histogram specifications may be added, 
deleted or modified for each attribute. 
The user has the option of including inspection 
stations after each process is completed; these may also be 
modified at a later date. The user also has the option of 
rejecting parts out of tolerance or allowing them to 
continue in the system. 
While the simulation is running, the user is provided 
with progress reports on the number of parts already 
processed and the total number of rejects. Statistics are 
collected for each attribute for each process and histogram 
data is collected for the particular attributes specified by 
the user. These provide the basis for critical decisions 
such as changing a distribution or tolerance ran.ge. The 
simulation can be easily modified to conform to these 
decisions. 
Output reports can be constructed to accommodate the 
specific needs of the user. Summary reports, which contain 
statistical information about the processes and the 
attributes, and histogram tables may be generated. A report 
may contain all the data collected or only a specific part. 
4 
Each report may be printed on the printer and/or displayed 
on the screen. 
In summary, this model creates a simulation based on 
user input. It provides information on how well the 
machines are performing and allows the user to adjust and 
redefine the processes appropria~ely. 
3. Simulation Design 
The principal intention when designing the model was to 
make it as interactive and user modifiable as possible. 
This is accomplished by using an input file to control the 
simulation. The file contains all the necessary information 
such as the processes and the attributes they modify, 
distributions, tolerance ranges, number of parts to be 
processed and histogram specifications. This data is 
entered interactively and then used to feed the simulation. 
Once the simulation is stopped, statistical information 
about the attributes for each process is stored in a user 
specified output file. This file can then be used to 
generate various reports on how well the machines are 
operating. This design provides a versatile model which can 
be used to simulate virtually any type of production system 
that consists of a series of manufacturing machines. The 
only stipulation is that the modifying equations or 
5 
distributions must be able to
 be repesented as FORTRAN 
statements. A pictorial rep
resentation of this design is
 
presented below and a descrip
tion of each block follows. 
interactive ! ! !------>! 
session ! ! 
3.1 Interactive Session 
input 
file 
V V V 
simulation 
V 
output ! ! s ta tis ti cal 
!----->! 
file ! ! reports 
Once the system is booted and
 the date and time have 
been entered, the user enters
 the file name "RUNINPUT". 
This is a batch file which ex
ecutes two programs. One of 
these programs, "PUTINFIL", 
enables the user to enter and
/or 
modify an input file and the 
second, "CREATPRO", uses the 
input file to construct subro
utine PROCESS, a routine whic
h 
represents.the manufacturing
 operation. This subroutine 
is 
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then complied and linked to the simu
lation program. The 
same procedure is followed when an o
ld input file is to be 
used without modification. 
A few seconds after the name "PUTINF
IL" has been 
entered, a title and reminder on spe
cial details will appear 
on the screen. Among these details 
is an explanation of the 
use of the "ESC" key and the use of 
a carriage return for 
long lists. Pressing the "ESC" key 
enables the user to 
temporarily or perminently interrupt
 the flow of the 
program. Once the routine is activa
ted the user is 
presented with four options: 
1) to Start Over 
2) to get HELP (a list of instructions) 
3) to Quit the Program 
5) to Continue from where "ESC" was initiated
 
An "ESC" is accepted any time the us
er is requested to make 
a choice between a number of options 
while entering or 
modifying the input file. A ctrl-C 
can always be used to 
exit the program, however any data e
ntered during the 
session will be lost. 
A carriage return is needed to contin
ue the program 
whenever a list or message appears o
n the screen and to 
continue displaying a list which is 
too long to be shown all 
7 
at once. This is done to insure 
that the user has time to 
read all lists and messages· care
fully. 
As soon as the special reminders
 have been read, the 
name of the input file to be use
d must be determined. The 
following options are presented: 
1) Load an OLD Input File 
2) Create a NEW Input File 
3) List all old Input Files 
Enter (1,2 or 3): 
If an old file name is entered, 
the list of old files 
is searched to determine if the 
name actually exists. If is 
does not, an error message is di
splayed and the user is 
asked for another name. If the 
name of a new input file is 
entered and the name already exi
sts as an old file, an error 
message is displayed. The user 
has the option of using the 
file name regardless of the fact
 that it already.exists. 
Another message, which warns of 
the old file's destruction, 
is displayed if the user chooses
 to use the existing file 
name. If the new name does not 
exist, several checks are 
made to be certain that the file
 name adheres to the 
guidelines presented: the name c
an be up to eight 
alphanumeric characters, the fir
st character must be a 
letter and no special characters
 may be used. If an error 
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exists, the approriate message appears and th
e user is asked 
to enter another name. 
Once the file name has been determined, eithe
r a new 
file is constructed or an old file is modifie
d. If a new 
file is to be constructed, the user is given 
a series of 
prompts to enter information regarding the pa
rt attributes 
and their initial values, the processes and t
he attributes 
they modify, histogram specifications for par
ticualar 
attributes and the number of parts to be proc
essed. 
Modifying equations, tolerance values and ad
ditional FORTRAN 
statements, which further describe the system
, may also be 
entered. As the information is being typed i
n, several 
opportunities are given to modify the data so
 that the 
chance of an error remaining when subroutine 
PROCESS is 
compiled, is greatly reduced. An example of 
the dialogue 
which typically occurs is presented in Figure
 3.1A. 
If an old file is to be modified, the followi
ng options 
appear on the screen: 
1) Modify a Process 
2) Add a Process 
3) Delete a Process 
4) Change the number of Parts to be Processed 
5) Finished Modifying 
Enter (1,2,3,4 or5): 
9 
Enter the Part Attributes 
--
Once the new file name has been determined, the following is 
displayed: 
Enter the Description for Each Attribute 
of the Part being Manufactured 
Attribute* Description 
1 LENGTH 
2 HIEGHT 
3 WIDTH 
4 DONE 
You are given the attribute# as a prompt and are expected 
to enter the description of each one. When you are finished 
entering all the part attributes, type "DONE" for the 
description. 
You must then enter the initial values for these attributes. 
The screen appears as follows: 
Enter the Initial Value (Equation AC#)=value) 
of ~he Part being Manufactured 
Attribute* Description 
1 LENGTH 
2 HIEGHT 
3 WIDTH 
Initial Value 
A C1 ) =. 03571 
A C2) =. 17769 
A (3) =. 657319 
Once all of the Initial Values have been entered, all the 
Figure 3.1A - Sample Dialogue for Interactive Session 
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information for the part attributes is display
ed and you are 
asked if everything is correct. 
Attribute# Description 
1 LENGTH 
2 HIEGHT 
3 WIDTH 
IS EVERYTHING CORRECT? (Y/N): N 
Initial Value 
A < 1> =. 03571 
A (2) =. 17769 
A<3>=.657319 
If you answer 'N' the following dialogue occu
rs: 
MODIFY ATTRIBUTE#: 2 
ENTER THE DESCRIPTION HEIGHT 
ENTER THE INITIAL VALUE: A<2>=.17769 
MODIFY ANOTHER ATTRIBUTE? (Y/N): N 
If you type 'Y' and wish to modify another att
ribute, then. 
the same dialogue will occur again. Jf you ty
pe 'N' then 
the attributes appear on the screen with all t
he changes 
made. 
Attribute # Description 
1 LENGTH 
2 HEIGHT 
3 WIDTH 
IS EVERYTHING CORRECT? (V/N): Y 
ADD ANOTHER ATTRIBUTE? (YIN>: V 
11 
Initial Value 
A< 1> =. 03571 
A(2)=.17769 
AC3)=.657319 
If you answer 'Y' and wish to add 
another attribute yo~ are 
given the next attribute number as
 a prompt and the 
following appears: 
ENTER INFORMATION FOR ATTRIBUTE#
: 4 
ENTER THE DESCRIPTION: WEIGHT 
ENTER THE INITIAL VALUE: A(4)=12.5786 
Once all the attributes have been 
added, they are listed and 
you are given the chance to modify
 them again. 
Attribute # Description 
1 LENGTH 
2 HEIGHT 
3 WIDTH 
4 WEIGHT 
IS EVERYTHING CORRECT? CY/N): Y 
ADD ANOTHER ATTRIBUTE? <YIN>: N
 
Initial Value 
A(l)=.03571 
A(2)=.17769 
A<3>=.657319 
A<4>=12.5786 
If everything is torrect and you d
o not wish to ~nter 
another attribute you will be give
n the option of entering 
12 
additional initial equations. These equations are used to 
further describe the system and can be any valid FORTRAN 
statement. The variable XX(I) is defined as a global 
variable that may be used in these equations. 
If you type 'Y' to enter additional initial equations the 
following screen dialogue occurs: 
Do you want to enter Additional Initial Equations? {Y/N): Y 
ENTER EQUATION 1 
XXC1)+S1NCAC1>> 
XXC1)+S1NCAC1>> 
IS THIS CORRECT? CY/N): N 
If it is not correct type 'N', and re-enter the equation. 
ENTER THE CORRECTED EQUATION 
XXC1)=S1NCA(1)) 
XXC1>=S1NCAC1>> 
IS THIS CORRECT? (YIN>: Y 
ENTER ANOTHER EQUATION? CY/N): N 
If it is correct type 'Y' and enter all other initial 
equations. 13 
Enter the Processes 
-
You must now enter the processes. You are given the process 
number as a prompt and asked to enter a description of each. 
The screen appears as follows: 
ENTER THE DESCRIPTION OF EACH PROCESS 
PROCESS# DESCRIPTION 
1 MOLD THE PART 
2 BORE HOLE THROUGH CENTER 
3 DONE 
Once you have finished entering all the process 
descriptions, type the word "DONE" as the next decription. 
All of the process numbers and descriptions will then be 
displayed to insure that they are correct. 
PROCESS# DESCRIPTION 
1 MOLD THE PART 
2 BORE HOLE THROUGH CENTER 
IS EVERYTHING CORRECT? (Y/N): N 
If an 'N' is. entered the following dialogue occurs: 
ENTER THE# OF THE PROCESS TO BE MODIFIED: 1 
ENTER THE DESCRIPTION: SHAPE THE PART 
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The processes and their descriptions a
re displayed again and 
you have the option of correcting ano
ther error. 
PROCESS# DESCRIPTION 
1 SHAPE THE PART 
2 BORE HOLE THROUGH CENTER 
IS EVERYTHING CORRECT? (Y/N): Y 
Enter 'Y' once all errors have been el
iminated. You will 
then see the following question: 
ADD ANOTHER PROCESS? <YIN>: 
If you wish to add another process typ
e 'Y' . The following 
prompt will appear with the next proce
ss number. 
ENTER THE DESCRIPTION FOR PROCESS ·3 
HEAT THE PART 
Ortce the description is entered, all t
he processes are 
displayed so you may check for errors. 
PROCESS# DESCRIPTION 
1 SHAPE THE PART 
2 BORE HOLE THROUGH CENTER 
3 HEAT THE PART 
IS EVERYTHING CORRECT? (Y/N): Y 
ADD ANOTHER PROCESS? (Y/N):N 
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After all processes have bee
n entered and all errors hav
e 
been corrected, enter 'Y' an
d 'N' ,, respectively, to the 
above questions. 
It is now time to determine 
which attributes are modifie
d by 
each process. The following
 is an example of the dialog
ue 
which typically occurs. 
DETERMINE WHICH ATTRIBUTES
 ARE MODIFIED BY 
PROCESS 1 SHAPE THE PART 
DOES PROCESS 1 MODIFY 
ATTRIBUTE 1 LENGTH 
? <YIN>: V 
If you answer 'N', then the
 following will appear: 
DOES PROCESS 1 MODIFY 
ATTRIBUTE 2 HEIGHT 
? <YIN>: 
Each time an 'N' is entered
, you will be asked if the n
ext 
attribute is modified by th
at process. 
If you enter 'Y', the follow
ing information is entered. 
Be 
sure to include a decimal p
oint when entering the 
tolerances, cell width and u
pper limit on the first cel
l. 
The number of cells, howeve
r must be an integer. 
ENTER THE MODIFYING EQUATION 
A(1)=2*ABSCXXC1))+A8SCSINCRNOR
MC2.1,.02)) 
ENTER THE LOWER TOLERANCE 
.1234 
ENTER THE UPPER TOLERANCE 
.7984 
16 
REJECT PARTS OUT OF TOLENANCE? CV/N): N 
COLLECT HISTOGRAM DATA? (YIN>: Y 
ENfER THE~ OF CELLS: 7 
ENTER THE CELL WIDTH: .27597 
ENTER THE UPPER LIMIT OF THE FIRST CELL: 
.00034 
DO YOU WANT TO ENTER ADDITIONAL EQUATIONS? CY/N): Y
 
ENTER THE EQUATION 
XX (3) =COS CA (2) > 
IS THIS CORRECT? CY/N>: N 
ENTER THE CORRECTED EQUATION 
XXC4>=RNDRMC3.45,.98) 
XXC4>=RNORM(3.45,.98) 
IS THIS CORRECT? CY/N): Y 
ENTER ANOTHER EQUATION? CY/N): N 
This information is entered for each attrib
ute that is 
modified by a particular process. 
Once all information, for all the attribut
es modified by 
this process, is entered it is listed on t
he screen as 
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follows: 
ATTRIBUTES FOR PROCESS 1
 
ATTRIBUTE DESCRIPTION 
1 LENGTH 
2 HEIGHT. 
TOL1 
.1234 
1.324 
TOL2 
.7984 
4.9734 
MODIFYING EQUATION 
A(1)=2*ABSCXXC1))+ABS(SINCRNO
RM<2.1,.02)) 
AC2)=4*AB8CXXC3))+SQRTCXX(4)) 
IS EVERYTHING CORRECT? C
Y/N): N 
If y6u answer 'N' then the
 following appears: 
MODIFY ATTRIBUTE#: 1 
HIST REJECT 
H 
H R 
You are then asked to ente
r all the attribute inform
ation as 
before. Once this is done, 
the data is displayed on th
e 
screen. 
ATTRIBUTES FOR PROCESS 
1 
ATTRIBUTE DESCRIPTION 
1 LENGTH 
2 HEIGHT 
TOL1 
. 1234 
1.324 
TOL2 
.7984 
4.9734 
MODIFYING EQUATION 
AC1)=2*ABS<XXC1))+ABSCSINCRNOR
MC4.6 •. 09)) 
A(2)=4*ABSCXXC3))+SQRTCXXC4)) 
. 
IS EVERYTHING CORRECT? C
Y/N): Y 
HIST REJECT 
H 
H R 
If you answer 'Y' and histo
gram specifications were 
entered 
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for one or more of the 
attributes, the followin
g appears on 
the screen: 
HISTOGRAM SPECIFICATIO
NS FOR THE ATTRIBUTES 
OF 
PROCESS 1 
ATTRIBUTE DESCRIPTION 
# CELLS CELL WIDTH UP
PER LIMIT 
1 LENGTH 
7 .454300 .
003400 
2 HEIGHT 
8 1.313810 .03
6250 
IS EVERYTHING CORRECT?
 (Y/N): N 
If 'N' is entered , you
 will see the following
: 
MODIFY ATTRIBUTe # 1
 
You are given the optio
n of entering histogram
 data for that 
attribute. If you enter
 'Y', data is entered a
s before. 
All attributes are liste
d again and you are giv
en the option 
of making corrections. 
Once all corrections ha
ve been made, 
you will be asked: 
DO YOU WANT TO ADD ANO
THER ATTRIBUTE? CY/N): N 
If you answer 'Y', you wil
l be asked to enter all
 the 
information for the att
ribute you selected. I
f you answer 
'N', you will be asked t
o determine which attri
butes are 
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modified by the remaining processes. 
Once it has been determined which attributes are modified by 
all processes the following will appear: 
ENTER THE NUMBER OF PARTS TO BE PROCESSED: 300 
300 PARTS 
IS THIS CORRECT? CY/Nl: N 
If you enter 'N', you will again be asked to enter the 
number of parts. 
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These options provide th
e user with the ability 
to modify 
any part of the input fi
le. For example, if the
 user wished 
to modify an attribute o
f a particular process, 
he would 
enter 1. The processes 
and their descriptions w
ould then be 
listed and the user woul
d choose the process he 
wanted to 
modify. The fallowing w
ould then be presented: 
1) Modify the Process Descrip
tion 
2) Modify the Attributes 
Enter (1 or 2): 
The user would enter 2 s
ince he wants to modify 
an 
attribute. Once he did 
so, the following menu w
ould appear 
on the screen: 
1) Add an Attribute 
2) Modify an Attribute 
3) Delete an At tribute 
4) Modify Additional Equati
ons 
Enter ( 1, 2, 3 or 4) : 
At this point, the user 
is provided with the mea
ns to modify 
any attribute of the pro
cess previously entered. 
While an old file is bei
ng modified, checks are 
constantly being made to
 insure that the data is
 being 
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entered correctly. This e
liminates the tedious chore
 of 
re-entering all previous d
ata if just one mistake is made. 
When the user is either fin
ished entering data for a 
new file or finished modif
ying an old file, the infor
mation 
is saved under the file nam
e specified by the user. 
3.2 Input File 
The input file, which is c
onstructed during the 
interactive session, consi
sts of a list of all the p
rocesses 
in the production system w
hich alter one or more of 
the 
dimensions of the part bein
g manufactured. Histogram
 
specifications and the num
ber of parts to be processe
d are 
also included. 
A part can be best describe
d as an array containing a
 
list of attributes which ar
e to be modified and a pro
cess as 
a list of the attributes th
at the machine must alter.
 The 
specific modification is e
xpressed by a distribution 
and a 
part is either accepted or 
rejected based on the tolerance 
given. The user has the o
ption of removing the part
 from 
the line or to let it cont
inue processing even when 
out of 
tolerance on a particular 
attribute. Data for a hist
ogram 
on the range of the values
 of a modified attribute i
s 
collected for a particular 
attribute if so specified 
by the 
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user. The stopping
 rule is used to de
termine when enough 
parts have been man
ufactured and the si
mluation should be 
haulted. A sample 
input file can be se
en in Figure 3.2A. 
A creation program,
 "CREATPRO", is imp
lemented to 
convert part of the
 input file into a 
FORTRAN subroutine 
called subroutine PR
OCESS. This code, w
hich represents the 
processes and the a
ttributes they modi
fy, is used by the 
simulation to model 
the production syste
m. An example of 
subroutine PROCESS 
is provided in Figu
re 3.2B. Each time 
the subroutine is ca
lled a specified sec
tion of the code is 
executed; each secti
on represents a pro
cess. The argument
 I 
indicates which par
ticular process is 
to be employed. On
ce 
this is determined, 
all the code, betwee
n the corresponding
 
CONTINUE and RETURN 
statements, is exec
uted. This code 
consists of the mod
ifying equations for
 the attributes 
altered by that pro
cess, conditional IF
 statements for the 
specified tolerance
s with corresponding
 counters for the 
number of parts out
 of tolerance and an
y additional 
equations the user 
may have entered. A
fter the simulation 
is created it is co
mpiled and linked w
ith the simulaion 
program. 
The creation program
 also generates a c
ondensed version 
of the input file. 
This scratch file i
s exactly the same 
as 
the input file exce
pt that it does not 
contain any modifyin
g 
or additional equat
ions. An example o
f this file can be 
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3 4 2 4 
INITIALIZE ATTRIBUTES 
1 LENGTH 
A < 1. > =. 03571 
XX ( 1> =SIN < A ( 1) ) 
2 HEIGHT 
A<2>=.17769 
3 WIDTH 
A<3>=.657319 
4 l!JEIGHT 
A(4)=12.5786 
SHAPE THE PART 
1 LENGTH .1234 
A(1)=2*ABS(XX(1))+ABS(SIN<RNORM(4.6,.09))) 
XX(4)=RNORM(3.495,.78) 
XX (3) =COS (A (3) > 
2 HEIGHT 1.324 
A(2)=4*AB8(XX(3))+SQRT<XX(4)) 
BORE HOLE THROUGH CENTER 
1 LENGTH .00253 
A(l)=SIN(A(1))**2 
2 HEIGHT .00796 
A(2)=ABS(C0S(A(3)))+RNORM(3.29,2.4) 
3 WIDTH .00534 
A (3) =SQRT <A ( 1> > 
4 WEIGHT .00318 
A<4>•ABS(C0SCA(2)))+RNORMC5.4,.3> 
7 .043000 .000340 
8 • 180000 3.65100 
6 .063000 1.09890 
9 .019500 .000027 
325 
Figure 3.2A 
Sample Input File 
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.7984 H 
4.9734 H R 
.06157 R 
1. 99736 H 
.71998 H R 
5.3432 
SUBROUTINE PROCESS(!) COMMDN/SIMCOM/A(5),NA(5),NX<i0,5),KX<10,5),NPARTS(10), 
+ XMEANC10,5),XSTDC10,5),NATT<10,5),NCELLSC10,5), 
+ CWIDTH<10,5),UPLIMC10,5),KCELL(10,5,11),NPRDC, 
+ DESCPROC,DESCATT,HIST,XX(10>,REJ,TDL1,TOL2, 
+ DMEAN<10,5),DSTD<10,5) CHARACTER DESCPROC(10>*66,DESCATT<10,5)*30,HIST(10,5)*1, 
+ REJ(10,5>*1,TOL1·<10,5)*10,TDL2<10,5)*10 
GO TO ( 1, 2, 3) I 
1 CONTINUE 
A(l)=.03571 
XX<U=SIN<A<l> > 
A (2)·=. 17769 
A(3)=.657319 
A(4)=12.5786 
RETURN 
2 CONTINUE A<1)=2*ABS<XX<1>>+ABS<SIN<RNORM<4.6,.09))) 
XXC4)=RNDRM(3.495,.7B) 
XX(3)=C0S(A(3)) 
IF<A< 1).LT •• 1234 >NX< 2, 1)=NX< 2, 1)+1 
IF<A< 1).GT •. 7984 >NX< 2, l>=NX< 2, 1)+1 
A<2>=4*AB8<XX(3))+SQRT<XXC4)) 
IF<A< 2).LT.1.324 >NX< 2, 2)=NX< 2, 21+1 
IF<A< 2) .GT.4.9734 >NX< 2, 2)=NX< 2, 2>+1 
RETURN 
3 CONTINUE 
A<1)=5IN<A<1>>**2 
IF<A< 1) .LT. .00253 )NX< 3, 1>=NX< 
IFCA< 1>.GT •• 06157 )NXC 3, l)=NXC 
A<2>=ABS(CDSCAC3)J)+RNDRMC3.2~,2.4> 
IF<A< 2).LT •. 00796 >NXC 3, 2)=NXC 
iF<A< 2).GT •. 1.99736 )NX< 3, 2)=NX< 
A<3)=SQRT<A<1>> 
IF<A< 3)~LT •• 00534 >NX< 3, 3)=NX( 
IF(A( 3).GT .. 71998 >NX< 3, 3J=NX< 
A(4)=ABS(COS(AC2)))+RNORM(5.4,.3> 
IF<A< 4).LT .. 00318 >NX< 3, 4>=NXC 
IF(A·< 4) .GT.5.3432 >NX< 3, 4>=NX< 
RETURN 
END 
Figure 3.2B 
Sample of Subroutine PROCESS 
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"'!' 
._1' 1) +1 
3, 1) +1 
3, 2)+1 
3, 2)+1 
3, 3)+1 
"'!' 
·-·' 
3)+1 
.,,. 
. ..:1' 4)+1 
3, 4)+1 
seen in Figure 3.2C. The simu
ation uses this file to 
determine which attributes are
 to have histogram data 
collected and at which process
es parts are to be taken off 
the line if they are out of to
lerance. 
3.3 Simulation 
In order to run the simulation
, the program name 
"SIMULATE" is entered. After 
a few seconds the user is 
presented with the following o
ptions: 
1. Use an OLD Output File as a
 NEW Output File 
2. Create a NEW Output File Na
me 
3. List all Old Output File Na
mes 
Enter (1,2 or 3): 
A name, for the output file cr
eated by the simulation, must 
be specified. If the user dec
ides to use an old name, all 
the data in the old file will 
be lost. The same guidelines 
must be followed when entering
 the output file name as when 
entering the input file name. 
Checks are made to insure 
that the name adheres to these
 guidelines and if it does not
 
an error message is given. If
 an old file name is entered 
and it does not exist on the o
ld files list, an error 
message is displayed. If a ne
w file name is entered and it
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3 4 2 4 
INITIALIZE ATTRIBUTES 
1 LENGTH 
2 HEIGHT 
3 WIDTH 
4 WEIC-iHT 
SHAPE THE 
1 LENGTH 
2 HEIGHT 
PART 
BORE HOLE 
1 LENGTH 
2 HEIGHT 
3 WIDTH 
4 WEIGHT 
THROUGH CENTER 
7 
8 
6 
9 
325 
.043000 
.180000 
.063000 
.019500 
.000340 
3.6~1000 
1.098900 
.000027 
.1234 
1. 324 
.00253 
.00796 
.00534 
• 00318 
Figure 3.2C 
Sample Scratch File 
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.7984 H 
4.9734 H R 
.06157 R 
1. 99736 H 
.71998 H R 
5.3432 
does exist on the old files list, 
an error message is also 
displayed. 
After the file name is determined,
 a message, which 
indicates that· the simulation is r
unning, appears on the 
screen for a few seconds. The use
r will then be furnished 
with in-progress reports showing 
the number of parts alieady 
processed and the total number of 
rejects. The mean and 
standard deviation of the attribut
es being modified are 
automatically determined for each 
process. Histogram data 
is collected for the processes and
 attributes which were 
specified by the user during the i
nteractive session. Once 
the simulation is finished, all in
formation genertated is 
saved in the user specified ouptut
 file. 
3.4 Output File 
The output file, which is generat
ed by the simulation, 
contains the following informatio
n: 
1) the number of processes 
2) the number of attributes modified by ea
ch process 
3) the number of parts processed by each p
rocess 
4) a list of the attributes modified by e
ach process, 
including the mean and standard d
eviation, the 
difference of means and standard 
deviations and the 
number of parts out of tolerance 
5) if histogram data was collected for an
 attribute, 
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the number of cells, the cell w
idth and the upper limit 
on the first cell are listed al
ong with the number of 
parts in each cell 
A sample output file is provide
d in Figure 3.4A~ 
3.5 Statistical Reports 
Results of the simulation can 
be reviewed by executing 
the program "SUMMARY". The out
put file generated by the 
simulation is used to construct
 summary reports and 
histogram tables. Once the use
r enters the name of the 
output file to be used and read
s the messages displayed, the 
following options appear: 
1. Display Summary Reports 
2. Display Histogram Data 
3. End the Program 
Enter (1,2 or 3): 
Whether the user chooses to se
e summary reports or 
histogram data, he is able to c
onstruct the report to fit 
his particular needs. The user
 may see a report for all the 
data collected, for all the dat
a for a praticular process, 
for all the data for a specific
 attribute or for all the 
data for a particular process w
ith a specific attribute. 
These reports may be displayed 
on the screen and/or printed 
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3 4 2 4 
325INITIALIZE ATTRIBUTES 
1 LENGTH 
.035710 .000001 . 000000 • 000000 
2 HEIGHT 
. 177689 . 000019 .000000 .000000 
3 WIDTH 
. f.,57318 .000046 .000000 . 0000(11) 
4 WEIGHT 
12. 578610 .000237 .000000 .000000 
325SHAPE THE PART 
1 LENGTH .1234 
. 552311 .013986 .516600 .013986 
7 • 043000 .000340 
(l 0 5 15 15 12 9 269 
2 HEIGHT 1. 324 
3. 828693 .013893 3.651003 .013892 
8 . 180000 3.651000 
83 58 83 101 0 0 0 0 0 
325BORE HOLE THROUGH CENTER 
1 LENGTH .00253 
.3(>5453 .011194 -.246857 .003299 
2 HEIGHT .00796 
1. 294890 .016017 -2. 5338(>1 .020741 
6 . 063000 1.098900 
103 22 17 15 16 30 122 
3 WIDTH .00534 
.508956 .011988 -.148363 • 011988 
9 • 019500 .000027 
0 0 0 0 1 6 10 7 7 
4 WEIGHT .00318 
.811413 .020086 -11.767190 .020082 
Figure 3.4A 
Sample Output File 
30 
0 
0 
0 
0 
• 7984 H 
89 
4.9734 H R 
0 
.06157 R 
270 
1.99736 H 
0 
.71998 H R 
70 
294 
5.3432 
0 
on the printer. Figures 3.5A - 3.5H cont
ain samples of the 
various types of output reports that may
 be generated. 
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Lu 
N 
******************************* 
** SIMULATION SUMMARY REPORT** 
******************************* 
PROCESS 1 SHAPE THE PART 
ATTRIBUTE DESCRIPTION 
tt 
1 LENGTH 
2 HEIGHT 
ATTRIBUTE CURRENT 
.. MEAN 
1 .552311 
2 3,828693 
ATTRIBUTES MODIFIED BY PRO'cESS 1 
-------
-------
-------
-------
-----
CURRENT 
STD. DEV. 
• 01.3986 
• I) 13893 
NO. PARTS 
MODIFIED 
PREVIOUS 
MEAN 
.035710 
.177689 
325 
325 
PREVIOUS 
STD. DEV. 
• 1)(1(1(1(11 
.000019 
NO. PARTS OUT 
OF TOLERANCE 
89 
0 
DIFFERENCES 
OF MEANS 
.51660(1 
3.651003 
PROCESS 2 BORE HOLE THROUGH CENTER 
ATTRIBUTES MODIFIED BY PROCESS 2 
-------
-------
-------
-------
-----
ATTRIBUTE DESCRIPTION NO. PART
S NO. PARTS OUT 
.. 
MODIFIED OF TOLERANCE 
1 LENGTH 325 
270 
2 HEIGHT 325 
0 
..,. 
,..) WIDTH 325 
70 
4 L-JEIGHT 325 
0 
ATTRIBUTE CURRENT CURRENT PREVIOUS PRE
VIOUS DIFFERENCES 
# MEAN STD. DEV. MEAN STD. DE
V. OF MEANS 
1 .305453 • o 11194 .552311 .01
39136 -.246857 
2 1.294890 .016017 3.828693 .01
3893 -2.533801 
3 .508956 • 011988 .657318 .0
00046 -.148363 
4 .811413 • 020086 12.578610 .0
00237 -11. 767190 
Figure 3.SA - Entire Summary Report 
DIFFERENCES 
OF STD. DEVS. 
.(113986 
• 013892 
DIFFERENCES 
OF Sl U. DEVS. 
.003299 
.020741 
• 011988 
.020082 
w 
w 
******************************* 
** SIMULATION SUMMARY REPORT** 
******************************* 
PROCESS 1 SHAPE THE PART 
ATTRIBUTES MODIFIED BY PROCESS 1 
ATTRIBUTE DESCRIPTION NO. PARTS N
O. PARTS OUT 
ti: MODIFIED O
F TOLERANCE 
1 LENGTH 325 
89 
ATTRIBUTE CURRENT CURRENT PREVIOUS PREVIOU
S DIFFERENCES 
# MEAN STD. DEV. MEAN STD. DEV. 
OF MEANS 
1 . 552311 .013986 .035710 .00
0001 .516600 
PROCESS 2 BORE HOLE THROUGH CENTER 
ATTRIBUTE DESCRIPTION 
# 
1. LENGTH 
ATTRIBUTES MODIFIED BY PROCESS 2 
NO. PARTS 
MODIFIED 
325 
NO. PARTS OUT 
OF TOLERANCE 
270 
DIFFERENCES 
OF STD. DEVS. 
• 013986 
ATTRIBUTE 
tt 
CURRENT CURRENT PREVIOUS PREVIOUS DIFFER
ENCES DIFFERENCES 
MEAN STD. DEV. MEAN STD. DEV. OF MEA
NS OF STD. DEVS. 
1 • 305453 • 011194 • 552311 • 013986 
- • 246857 • 003299 
Figure 3.5B - Summary Report of a Particular Attribut
e 
w 
+' 
***************************
**** 
** SIMULATION SUMMARY REPORT** 
***************************
**** 
PROCESS 2 BORE HOLE THROUGH CENTER 
------
---· 
ATTRIBUTES MODIFIED BY PROCESS 2 
ATTRIBUTE DESCRIPTION NO
. PARTS ND. PARTS OUT 
# 
MODIFIED OF TOLERANCE 
1 LENGTH 325
 270 
2 HEIGHT 325 
(I 
3 WIDTH 325 
70 
4 WEIGHT 325 
(I 
ATTRIBUTE CURRENT CURRENT PREVIOUS PRE
VIOUS DIFFERENCES 
# MEAN STD. DEV. MEAN STD. 
DEV. OF MEANS 
1 .305453 .011194 .552311 
.013986 -.246857 
2 1. 294890 .016017 3.828693 
.013893 -2.533801 
3 .508956 .011988 .657318 
.000046 -.148363 
4 .811413 .020086 12.578610 
.000237 -11. 767190 
Figure 3.SC - Summary Report of a Particular P
rocess 
DIFFERENCES 
OF STD. DEVS. 
• 003299 
• 020741 
• 011988 
• 020082 
w 
Vl 
******************************* 
** SIMULATION SUMMARY REPORT** 
******************************* 
PROCESS 2 BORE HOLE THROUGH CENTER 
ATTRIBUTES MODIFIED BY PROCESS 2 
---------------------------------
ATTRIBUTE DESCRIPTION NO. PARTS NO. PARTS OUT 
# MODIFIED OF TOLERANCE 
1 LENGTH 325 270 
ATTRIBUTE CURRENT CURRENT PREVIOUS PREVIOUS DIFFERENCES 
# MEAN STD. DEV. MEAN STD. DEV . OF MEANS 
1 • 305453 • 011194 • 552311 .013986 -.246857 
DIFFERENCES 
OF STD. DEVS. 
.003299 
Figure 3.50 - Summary Report of a Particular Process with a Particular Attribute 
HISTOGRAM DATA FOR 
PROCESS 1 ATTRIBUTE 1: LENGTH 
OBSERVED 
NO. PARTS 
---------
0 
0 
5 
15 
15 
12 
9 
269 
325 
RELATIVE CUMULATIVE UPPER CELL 
NO. PARTS NO. PARTS LIMIT 
--------- ---------- ----------
.000000 .000000 .000340 
.000000 .000000 .043340 
.015385 .015385 .086340 
.046154 .061538 .129340 
.046154 .107692 . 17234,0 
.036923 .144615 .215340 
.027692 • 172308 .258340 
.827692 1.000000 INFINITY 
Figure 3. SE 
Sample Histogram Table 
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HISTOGRAM DATA FOR 
PROCESS 1 ATTRIBUTE 2: HEIGHT 
OBSERVED 
1\10. PARTS 
---------
9-:r 
~· 
58 
83 
101 
0 
0 
0 
0 
0 
325 
RELATIVE CUMULATIVE 
UPPER CELL 
NO. PARTS NO. PARTS 
LIMIT 
---------
----------
----------
• 255385 .255385 
3.651000 
.178462 .433846 
3. 831000 
. 255385 .689231 
4. 011000 
• 310769 1.000000 
4.191000 
.000000 1.000000 
4.371000 
• 000000 1.000000 
4.551000 
• 000000 1.000000 
4.730999 
. ooooocr 1.000000 
4.910999 
.000000 1. 000000 
INFINITY 
Figure 3. SF 
Sample Histogr'am Table 
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HISTOGRAM DATA FOR 
PROCESS 2 ATTRIBUT
E 2: HEIGHT 
OBSERVED 
NO. !='ARTS 
---
---
---
103 
22 
17 
15 
16 
30 
122 
325 
RELATIVE CUMULATIV
E 
NO. PARTS NO. PARTS 
---
---
---
---
---
---
-
.316923 .31692
3 
.067692 .38461
5 
.052308 .43692
3 
.046154 .48307
7 
.049231 ~ 5323(>8 
.092308 .62461
5 
.375385 1.00000
0 
Figure 3.SG 
Sample Histogram Ta
ble 
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UPPER CELL 
LIMIT 
---
---
---
-
1. 0989<)0 
1.161900 
1. 224900 
1.287900 
1. 350900 
1. 413900 
INFINITY 
HISTOGRAM DATA FOR 
PROCESS 2 AT1RIBUTE 3: WIDTH 
OBSERVED 
NO. PARTS 
---------0 
0 
0 
0 
1 
6 
10 
7 
7 
294 
::!,25 
RELATIVE CUMULATIVE UPPER 
CELL 
NO. PARTS NO. PARTS 
LIMIT 
---------
----------
----------
.000000 .000000 
.000027 
• OO(H)OO • 000000 
.019527 
• 000000 .000000 
.039027 
• 000000 .000000 
.058527 
.003077 .003077 
.078027 
.018462 .021538 
.097527 
.030769 .052308 
.117027 
.021538 .073846 
.136527 
.021538 .095385 
.156027 
.904615 1.000000 
INFINITY 
Figure 3.SH 
Sample Histogram Table 
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4. Program Module Descriptions 
The entire project is broken up into four major 
programs. Each program in turh is divided into numerous 
small modules or subroutines, each of which is designed for 
a specific purpose or task. This provides greater control 
over the situation while creating and modifying each program 
since only small portions must be dealt with at any one 
time. Descriptions of all the various types of procedures 
incorporated into the four programs follow. A complete 
listing of all the FORTRAN code can be found in the office 
of the Department of Industrial Engineering at Lehigh 
University. 
4.1 The first program, PUTINFIL, is used to gererate the 
input file needed to .run the simulation. The same program 
is used to modify an input file which already exists. 
Program PUTINFIL- This is the main program which calls all 
appropriate subroutines to either enter a new file or modify 
an· existing one. It is also used to open all I/0 and data 
files. A value of one is sent to subroutine IOFILE to 
indicate an input file is to be used. If the I returned 
from subroutine IOFILE is equal to one then an existing file 
40 
is to be modified, however, if the I is equal to two a new 
file is to be created. If an existing input file is to be 
used exactly the way it is, one would answer no to the 
question "modify the file?". 
1) Subroutine TITLE- This subroutine writes the program 
title, version number and authors' names to the screen. 
2) Subroutine REMIND- This subroutine displays special 
reminders about ways to exit the program, list instructions 
or continue a list. 
3) Subroutine INPINIT(OPT)- This subroutine initializes all 
variables and arrays used by the program. OPT is used as 
the option from subroutine ESCAPE and is also initialized to 
a blank. 
4) Subroutine IOFILE(OPT,I,KF)- This subroutine determines 
the name of the input/output file. An old file may be used, 
a new file created or a list of all old files can be 
displayed. If a new file name is entered subroutine CHECK 
is called to determine if all file naming specifications 
have been met. The subroutine returns with the name of the 
file to be used stored in variable INP. The arguments are 
defined as follows. If KF is entered equal to one an input 
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file name is to be determine
d. If Kf is entered equal to
 two 
an output file name is to be
 determined. OPT is the op
tion 
used by subroutine ESCAPE an
d is returned as S to start 
over 
or Q to quit the program. I is r
eturned as one if an 
existing file is to be modi
fied and as two if a new file
 is 
to be created. 
5) Subroutine BLANK- This subrout
ine is used to clear the 
screen by implemeri ting Halo 
Graphics. 
6) Subroutine ESCAPE( OPT)- This s
ubroutine is called to 
either get help, start over 
or quit the program. If he
lp is 
needed subroutine INSTRUCT i
s called. OPT is returned a
s C 
· to continue the program fro
m where "ESC" was initiated
, S to 
start the program over or Q to qu
it the program. 
7) Subroutine INSTRUCT- This subrout
ine reads file HELP, 
which contains program ins tr
ue tions, and displays it on 
the 
screen line by line. A coun
ter is used to insure that o
nly 
twenty lines are listed at a
 time. A carriage return i
s 
needed to continue displayin
g the file once it has been 
stoped. 
8) Subroutine LFILES(KF)- Subrout
ine LFILES lists all the 
Input/output files which alr
eady.exist. If KF is entere
d as 
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one, input files are listed. If KF is entered as two, 
output files are listed. The file names are stored in a 
file and a counter is used to insure that only twenty lines 
are listed at a time. A carriage return is need to continue 
displaying the file once it is haulted. 
9) Subroutine OLDFIL(IFILE)- This subroutine determines the 
name of the existing file to be used as input/output. It 
checks to make sure the file actually exists. If the file 
does not exist an error message is displayed and IFILE is 
returned with a value N. If the file does exist the file 
name is returned in IFILE. 
10) Subroutine NEWFIL(KFILE, KK)- This subroutine determines 
a new file name and checks to see if the file already 
exists. If it doesn't, KFILE is returned as the name 
entered. If the file does exist, the option of using it is 
given. If the user decides not to use it KFILE is returned 
as N. If the file is to be used regardless of the fact that 
it alr~ady exists, the old file will be destroyed and a new 
one created. KFILE is returned as the name entered and KK 
is set equal to one to indicate an old file name is being 
used, otherwise KK is returned as zero. 
11) Subroutine CHECK(KFILE)- This subroutine is used to 
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verify that file nam
e KFILE conforms to 
the restrictions 
given in subroutine 
NEWFIL. If the name
 begins with a 
number or contains a
 special character 
an appropriate error
 
message is displayed
 and the file name K
FILE is set equal to
 
N to indicate the fi
le name contained an
 error. 
12) Subroutine COPYINP-
Subroutine COPYINP c
opies all the 
information from an 
existing input file 
into the appropriate
 
variable and array n
ames. 
13) Subroutine PART- Thi
s subroutine determi
nes the 
description of the a
ttributes of the par
t and their initial 
values. The user is
 given an attribute 
number and responds 
with a description. 
Once all the descrip
tions have been 
entered the user typ
es "DONE". The at tr
ibute number, 
description and a pr
ompt A(#)= are displayed
. As soon as all 
the initial values h
ave been entered all
 the information is 
listed on the screen
 to determine if any
thing needs to be 
modified. A counter
 is used to insure t
hat no more than 
twenty lines will be
 displayed at a time
. A carriage return
 
is needed to continu
e listing the inform
ation. If an 
attribute must be m
odified subroutine M
ODPART is called. 
Additional initial e
quations may also be
 added and are 
entered by calling s
ubroutine EXTRAIPE. 
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14) Subroutine M
ODPART- This s
ubroutine is c
alled to modi
fy 
the descriptio
n and/or the 
initial value
 of the part 
attribute. A
 list of the a
ttributes alon
g with their 
descriptions 
and initial va
lues is alread
y present. M
ore 
than one attri
bute may be m
odified. 
15) Subroutine A
DDPART(KB)- Subro
utine ADDPART 
determines if 
another initia
l attribute ma
y be entered b
y making sure
 
NA(1), the number
 of attribute
s modified by 
process 1 
(process Oto the
 user), is less 
than the maxim
um allowable 
number of attr
ibutes. If t
his condition 
holds and the
 user 
wishes to ente
r another attr
ibute, he is 
given prompts
 for 
the informatio
n, the counte
r ·for the num
ber of initial
 
attributes is 
increased and 
KB is returned
 set equal to
 one 
indicating tha
t an addition
al attibute wa
s entered. 
16) Subroutine EX
TRAIPE- This 
subroutine is 
called to ent
er 
additional in
tial equation
s. It starts 
with the firs
t 
available plac
e MODEQN(l,1,2) 
which is proc
ess 1, attribu
te 
1, equation 2
 and allows th
e user to ent
er the equatio
ns 
until the las
t place has be
en occupied, M
0DEQN(1,NA(1),#),
 
which is proc
ess 1, last a
ttribute, larg
est number all
owed 
determined by 
the dimension
 statement. T
hese equations
 are 
placed, in the
 order entere
d, between the
 initial valu
e 
equations in 
subroutine PR
OCESS, (see note 
below). Once an 
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equation is entered, it is displayed on 
the screen to insure 
that it is correct. A message is displa
yed if no more room 
is available for another initial additio
nal equation, 
NOTE: The additional initial equations a
re placed in 
subroutine PROCESS as follows: 
The array MODEQN is dimensioned as MODEQN(I,J, N) 
A( 1 )=some value 
MODEQN(l, 1, 2) 
. 
MODEQN(l, 1, N) 
A( 2 )=some value 
MODEQN(l, 2, 2) 
. 
MODEQN(l, 2, N) 
A(NA(l))=some value 
M0DEQN(1,NA(1),2) 
. 
M0DEQN(1,NA(1),N) 
The equations are placed in order starti
ng with the first 
place under at tribute 1. Additional eq
uations for processes 
other than process 1 (process O to the user) are 
not stored 
irt this manner. 
17) Subroutine STATION- This subroutine determine
s the 
number of processes in the system and the 
description of 
each. It prompts the user with a process
 number and then 
waits for a description to be entered. W
hen finished, the 
us er responds with "DONE". A counter is
 used to calculate 
the actual number of processes; this num
ber is stared in 
NPROC. Subroutine CHPRO is called to ch
eck the process 
description for errors and then subrouti
ne ENTERATT is 
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called to determine which attr
ibutes are modified by the 
processes defined. Subroutine
 STATION also determines the 
number of parts that are to be
 processed. 
18) Subroutine CHPRO- This subroutin
e verifies that all 
processes and the descriptions
 entered are correct. If one 
must be modified it asks for 
the process number and then th
e 
corrected description. If an
other process is to be entered
, 
subroutine ADDPRO is called w
ith the number of the process 
to be entered as an argument. 
19) Subroutine ADDPRO(K)- Subroutine
 ADDPRO is called so 
another process and descriptio
n may be entered. The counte
r 
for the number of processes is
 increased and a check is made
 
to be sure there is room for a
nother process. The argument,
 
K is the number of the new pro
cess. 
20) Subroutine ENTERATT(K)- This sub
routine is used to 
specify which attributes are m
odified by a particular 
process. The argument K is e
qual to the process in 
question. The program looks 
at all the at tributes defined 
by subroutine PART and determ
ines which ones are modified b
y 
process K. When a particular
 attribute is chosen, the 
description is copied from the
 part attribute and the 
attribute number is set equal 
to the part attribute number. 
47 
Subroutine ATTRIB is then called to enter more
 information 
regarding the attribute chosen. Argument KH i
s set equal to 
zero which indicates that all information mus
t be added. If 
the user wants to enter additional equations u
nder this 
particular attribute, subroutine ADDEQNS is called with 
the 
process number and attribute number as argume
nts. NA(K), 
the number of attributes modified by process K
, is set equal 
to the number of attributes once they have all
 been entered. 
Then subroutine CHATT is called which is used 
to check all 
the data that has been collected for the attri
butes. 
Argument KSL is equal to one which indicates 
that no 
attributes are to be deleted. Argument K is e
qual to the 
process number. If NA(K) is less than the maximum allow
able 
amount then another attribute may be added. S
ubroutine 
ADDATT is called for this purpose. If the va
lue of NK is 
returned as one, an attribute has been added. 
21) Subroutine ATTRIB(K,L,KH)- This subroutine collects 
all 
the data for attribute L which is modified by 
process K. It 
determines the modifying equation, lower toler
ance and upper 
tolerance. It also determines if parts out o
f tolerance 
should be rejected and whether histogram data is to be 
collected. The number of cells, the cell wid
th and the 
upper limit of the first cell are entered if a
ppropriate. 
If the argument KH is entered equal to zero th
en all 
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information is 
to be collected
. If KH is one,
 only the 
histogram spec
ifications are 
to be entered. 
22) Subroutine AD
DEQNS(K,L)- This su
broutine is use
d to 
enter addition
al equations un
der a particula
r attribute. I
t 
first checks to
 make sure the
re is an availa
ble location fo
r 
the equation, 
if a space is 
not available a
n error me
ssage 
is printed. O
nce the equatio
n is entered it
 is displayed s
o 
the user can ch
eck for errors
. If there is 
an error it can
 
be modified im
mediately. Arg
ument K is equ
al to the proce
ss 
number and argu
ment Lis equa
l to the attrib
ute number. 
23) Subroutine CH
ATT(K,KSL)-Subrout
ine CHATT provides 
a 
check for all 
the attribute d
ata entered for
 process K. A
ll 
the data for a
ll attribut~s m
odified by a pa
rticular proces
s 
are displayed 
on the screen. 
Any data ~hat i
s incorrect ma
y 
be modified at 
this time. If 
KSL is entered 
equal to zero, 
an attribute m
ay be deleted. 
If an attribute
 is to be 
modified subro
utine ATTRIB is
 called with KH
 equal to zero
 
which indicates
 that all infor
mation may be 
modified. Onc
e 
all errors are
 removed, the h
istogram speci
fications are 
displayed. If 
an error e
xists subroutin
e ATTRIB is ca
lled 
with KH equal 
to one which in
dicates that on
ly histogram 
information is
 to be modified
. This entire 
process is 
repeated until 
there are no e
rrors. 
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24) Subroutine DELATT(I)-
This subroutine dele
tes one of the 
attributes thought to
 be modified by a pa
rticular process. 
The argument I is the
 process number to th
e user, the 
program stores the a
ctual process as I+l
. All the variables 
associated with proce
ss I+l and the attrib
ute to be deleted 
are reinitialized and
 NA(I+1), the number of a
ttributes 
modified by process 1
+1, is decreased by o
ne. 
25) Subroutine ADDATT(NK
,K)- This subroutine is ca
lled when 
another attribute is 
to be added. It dete
rmines which 
attributes have alrea
dy been modified by 
process Kand then 
determines which of t
he attributes not ye
t modified is to be 
added. NA(K), the number 
of attributes modifie
d by process 
K, is increased by on
e, the description fo
r the newly chosen 
attribute is copied f
rom the correspondin
g part attribute 
description and the n
umber of the attribu
te is set according 
to the attribute's ar
ray position. Subro
utine ATTRIB is 
then called with KH e
qual to zero. If ad
ditional equations 
are to be entered und
er this· particular at
tribute, 
subroutine ADDEQNS is cal
led. Subroutine ADD
ATT is repeated 
until either the use
r does not want to ad
d any more 
attributes or until n
o more may be added. 
Argument NK is 
returned equal to one
 if an attribute was 
added. 
26) Subroutine MODIFY(OPT
)- This subroutine determ
ines 
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whether a process is to be modified, added or de
leted or if 
the number of parts to be processed is to be chan
ged. If an 
"ESC" is entered rather than one of the five opti
ons, 
subroutine ESCAPE is called and returns a value i
n OPT. If 
a process is to be modified subroutine MODPRO is 
called, if 
a process is to be added subroutine INSPRO is ca
lled and if 
a process is to be deleted subroutine DELPRO is c
alled. 
27) Subroutine MODPRO(OPT)- This subroutine is called to 
modify a process. The processes and their descrip
tions are 
listed on the screen. A process number is then e
ntered as 
the one to be modified. The user is then given a
 choice 
between modifying the process description or mod
ifying the 
attributes. If the process description is to be 
corrected, 
the user is given a prompt to enter a new descrip
tion and a 
check for an error is made immediately. If the 
attributes 
are to be modified, subroutine MODATT is called w
ith I equal 
to the process number entered by the user. 
28) Subroutine MODATT(OPT,I)- Subroutine MODATT displays 
four options, add an attribute, modify an attribt
e, delete 
an attribute and modify additional equations. I
f "ESC" is 
entered subroutine ESCAPE is called. If argumen
t I is 
entered as zero, then subroutine MODINIT is calle
d since 
initial attributes are to be modified. For all o
ther values 
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of I, subroutine MODO
THER is called. The 
argument J for 
both of these subrou
tines refers to the c
hoice made in this 
routine. 
29) Subroutine MODINIT(J
,I)- This subroutine modi
fies the 
at tributes of process
 1 (process O to the use
r). If J is 
equal to one subrouti
ne ADDPART is called
 to add another 
attribute. If KB is 
returned equal to on
e then an attribute 
was added so subrouti
ne CHPART is called,
 with L equal to 
one, to check all dat
a entered. If J equ
als two, an 
attribute is to be m
odified, subroutine C
HPART is called 
with L equal to two. 
If J is equal to thre
e, an attribute 
is to be deleted, su
broutine CHPART is c
alled with L equal 
to three. Finally, 
if J equals four, ad
ditional equations 
are to be modified, s
ubroutine PEQNS is called
. Argument _I 
is equal to- zero and 
is actually represen
ting process 1 
which is proce.s s O to
 the us er. 
30) Subroutine CHPART(L,
I)- This subroutine displa
ys the 
attribute description
 and initial value f
or each attribute 
modified by process 1
. If Lis equal to 
two subroutine 
MODPART is called to 
modify an attribute.
 If Lis equal to 
three subroutine DELA
TT is called to dele
te an attribute. 
If Lis equal to one
 the user checks for
 errors anc if an 
error exists subrout
ine MODPART is called
 to correct it. 
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31) Subroutine PEQNS(I)- Subroutine PEQNS is called in order 
to modify, add or delete additional equations. The program 
determines which attributes are modified by process I+1. If 
a particular attribute has no additional equations under it, 
an option is given to add them and subroutine ADDEQNS is 
called. If the attribute already had additional equations 
under it, they are listed on the screen. Then the user is 
given the option to delete and equation, add an equation or 
modify an equation. If an equation is to be deleted 
subroutine DELEQN is called with argument L equal to the 
process number and M equal to the attribute number. If an 
equation is to be added, the program asks for the equation 
and then displays the new list. If an equation is to be 
modified, the user enters the number of the equation and the 
corrected version. All equations are then relisted and the 
options are displayed again. 
32) Subroutine DELEQN(L,M)- Subroutine DELEQN is called to 
delete an additional equation. Argument Lis the process 
number and Mis the attribute number. The program 
determines the number of the equation to be deleted and sets 
it equal to a blank. Then all other.equations below it are 
moved up to eliminate the gap. 
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33) Subroutine MODOT
HER(I,J)- This subroutin
e modifies the 
attributes of all 
processes except 
process 1. Argume
nt I+l 
is the actual proc
ess number and J i
s the number of th
e 
option chosen. If
 J is equal to on
e, add an attribut
e, 
subroutine ADDATT 
is called. If NK 
is returned equal 
to 
one, and attribute
 was added and the
 information added
 must 
be checked by subr
outine CHATT. KSL
 is entered as zer
o so 
an attribute will 
not be deleted. I
f J is equal to tw
o, 
modify an attribut
e, subroutine CHAT
T is called with K
SL 
equal to one. If 
J is equal to thre
e, delete an attri
bute, 
subroutine CHATT i
s called with KSL 
equal to zero so a
n 
attribute may be d
eleted. Finally i
f J is equal to fo
ur, 
modify an addition
al equation, subro
utine PEQNS is called. 
34) Subroutine INSPRO-
This subroutine in
serts a new proces
s 
into the system. 
The program determ
ines if another pr
ocess 
can be added. If o
ne can not be adde
d an error message
 is 
printed. If one c
an be added the ex
isting processes a
re 
listed and the use
r is asked to ente
r the number of th
e 
process which the 
new process is to 
follow. The proce
ss 
after the one indi
cated are shifted 
down in the arrays
 to 
make room for the 
new process. The 
variables to be us
ed for 
the new process ar
e then reinitializ
ed and the new da
ta is 
entered. 
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35) Subroutine DELPRO- Subroutine DELPRO deletes an entire 
process by shifting processes that come after the one to be 
deleted up one place. The variables are reinitialized as 
the data is moved. The process counter is also decreased by 
one, 
36) Subroutine INFOCOPY- This subroutine writes all the 
information contained in all the variables and arrays to the 
user specified input file and to a file called "INPUT" which 
is used to create subroutine PROCESS. Details on subroutine 
PROCESS are discussed later. The information contained in 
the arrays and variables is entered interactively through 
the use of program PUTINFIL, 
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4.2 The second progra
m, CREATPRO, uses th
e file generated by 
program PUTINFIL to 
create subroutine PRO
CESS which is used 
in the simulation an
d represents the act
ual production line. 
Program CREATPRO- Th
is is the main progra
m which calls all 
appropriate subroutin
es used to read the 
input file produced 
by program PUTINFIL, 
to create a FORTRAN 
subroutine called 
PROCESS, and a conde
nsed file called SCRA
TCH. Once created, 
subroutine PROCESS m
ust be renamed PROCES
S.FOR and then 
complied. The object file
 along with file SCRA
TCH are then 
used to run the simu
lation. 
1) Subroutine WRITPRO- S
ubroutine WRITPRO ini
tializes all 
the arrays and writes
 the first three lin
es of subroutine 
PROCESS to the appro
priate file. It then
 uses the variable 
NPROC, the number of 
processes, to write 
the GO TO statement 
with the correct num
ber of statement labe
ls. Subroutine 
RWINPUT is then call
ed to create the res
t of the file 
(subroutine PROCESS). 
2) Subroutine RWINPUT(NP
ROC)- This subroutine rea
ds the 
number of attributes 
modified by each pro
cess from the file 
INPUT. It writes a 
labeled continue stat
ement corresponding 
to each label in the 
GO TO statement. Su
broutine READINP is 
called to read the in
formation for proces
s I and subroutine 
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WRITEINP is called to write the
 information for process I. 
3) Subroutine READINP(I)- This subro
utine reads all the 
information from file INPUT wh
ich pertains to process I. 
4) Subroutine WRITEINP(I)- This subro
utine writes the 
modifying equation and any add
itional equations 
corresponding to process I to 
the file for subroutine 
PROCESS. If tolerance values 
exist they are written to the 
file using the appropriate "IF
" statement, a "GT" condition 
for upper tolerances and a "LT
" condition for lower 
tolerances. When the "IF" stat
ement is true a counter 
updates the number of rejects for that 
particular attribute 
of process I. This counter is
 written to the file as part 
of the "IF" statement. 
5) Subroutine DUMPFILE(NPROC)- This 
subroutine writes a 
condensed version of the INPUT 
file to a file named SCRATCH. 
This file does not contain any 
of the modifying equations or 
additional equations. 
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4.3 The third program, SIMULATE, uses subroutine PROCESS and 
the SCRATCH file, generated by program CREATPRO, to run the 
actual simulation. The simulation runs for the specified 
number of parts and then produces an output file, the name 
of which is specified by the user. This provides the basis 
from which summary reports are constructed. 
Program SIMULATE- This is the main program which calls all 
appropriate subroutines in order to run the simulation. 
Subroutine IOFILE determines the name of the user specified 
?utput file. KF is set with a value of two to indicate an 
output file is to be generated. As the simulation runs a 
count of the number of parts already processed and the 
number of parts rejected is displayed on the screen. 
Counters keep track of the number of parts actually 
processed by each station on the production line. 
1) Subroutine SIMTITLE- Subroutine SIMTITLE produces the 
statement "Simulation is Running" in large pink letters. 
2) Subroutine INITIAL- This subroutine initializes all the 
arrays used by the simulation. It also initializes the 
random number generator. 
3) Subroutine READDATA(NRUNS)- This subroutine reads all 
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the data from the SCRATCH file produced by program CREATPRO. 
The argument NRUNS is returned as the number of parts to be 
processed. 
4) Subroutine PROCESS(I)- This subroutine is created by 
program CREATPRO and is the actual representation of the 
production line. The GO TO statement determines which 
process the part must go through and is specified by the 
argument I. The IF statements, not including any additional 
equations that happen to be "IF", determine if a part is out 
of tolerance on a particular attibute and a counter is 
updated when the condition holds. 
5) Function RNORM(XMN,ST)- Given values for XMN and ST, 
this function returns· RNORM(XMN, ST) equal to a random number 
from a normal distribution with a mean equal to XMN and 
standard deviation equal to ST. 
6) Function UNFRM(ULO,HI)- Given values for ULO and HI, 
this function returns UNFRM(ULO,HI) equal to a random number 
from a uniform distributions with ULO equal to the low end 
of the interval and HI equal to the high end. 
7) Function TRIAG(TLO,TMD,THI)- Given values for TLO, TMD 
and THI, this function returns TRIAG(TLO,TMD,THI) equal to a 
59 
random number from a triangular distribution 
with TLO equal 
to the low end of the interval, THI equal to 
the high end 
and TMD equal to the mode. 
8) Function EXPON(XMN)- Given a value for XMN, this 
function returns EXPON(XMN) equal to a random number fro
m an 
exponential distribution with XMN equal to th
e mean. 
9) Subroutine MEANSTD(I,AB)- This subroutine keeps trac
k of 
values needed to calculate the mean and stand
ard deviation 
for each attribute. The values needed to cal
culate the 
difference of the means and standard deviatio
n are also 
stored. Argument I is equal to the process n
umber and array 
AB contains the most recent update on the attr
ibute 
specified. 
10) Subroutine HISTOGRM(I)- Subroutine HISTOGRM determin
es 
which attributes of process I are to have hist
ogram data 
collected. Once this is done it is determine
d, based on the 
histogram specifications given, which cell nu
mbe~ should be 
increased by one indicating that the attribut
e dimension was 
within that cell's limits. 
11) Subroutine OUTOFTOL(I,IFLAG)- This subroutine determ
ines 
if any attribute of process I was out of toler
ance by 
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checking the reject co
unters. IFLAG is
 returned with a 
value of one if a
n attribute was o
ut of tolerance a
nd the 
user specified th
at the part shoul
d be taken out of
 the 
production line. 
12) Subroutine COMPME
AN- Subroutine COM
PMEAN takes the 
values accumulate
d by subroutine M
EANSTD and comput
es the 
actual means and s
tandard deviation
s. 
13) Subroutine INFOOU
T- This subroutine
 writes all the d
ata 
calculated and co
llected by the sim
ulation to the us
er 
specified output f
ile. 
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4.4 The fourth 
program, SUMMAR
Y, provides outp
ut reports 
containing stat
istics, such as
 the mean and s
tandard 
deviation, prev
ious mean and s
tandard deviatio
n and the 
difference mean
 and standard d
eviation, for e
ach attribute 
modified by eac
h process. In 
addition the re
port indicates 
the number of p
arts that were 
out of toleranc
e for a 
particular attr
ibute. The pro
gram also gene
rates histogram
 
data in the form
 of a table wh
ich lists freque
ncy, relative 
frequency and c
umulative frequ
ency of the num
ber of parts in 
a specific cell
. All of these
 reports may be
 displayed on 
the screen and/
or printed. It
 is also possib
le to just see 
small sections 
of a report. 
Program SUMMARY
- This is the m
ain program whic
h calls all 
the appropriate
 subroutines ne
eded to generat
e the output 
reports. The u
ser is given a 
choice between 
seeing summary 
reports or histo
gram reports. 
1) Subroutine PICK
OUT- This subro
utine determines
 which 
output file is 
to be used to d
isplay reports. 
Subroutine 
OLDFIL is calle
d if an output 
file is to be e
ntered and 
subroutine LFIL
ES is called w
ith KF equal to 
two, to list 
all output file
s. KF equal to
 two indicates 
that output 
files are to be
 displayed. 
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2) Subroutine LETTERS- Subroutine 
LETTERS displays the 
title "Simulation Summary Re
ports" in large pink letters.
 
3) Subroutine SUMINIT- This subrou
tine is called to 
initialize all the arrays use
d by the program. 
4) Subroutine SUMREAD- This subrou
tine reads the data from 
the user specified output f~l
e into the arrays used by the
 
program. 
5) Subroutine DMEANSTD- This subro
utine determines the 
previous mean and standard d
eviation for each attribute. 
It 
locates the process, before t
he current process, where th
e 
attribute was last modified a
nd assigns the previous mean 
and standard deviation of the
 attribute in question equal 
to 
the mean and standard deviati
on of the attribute when it 
was 
modified by the process loca
ted. 
6) Subroutine NOTES- This subrouti
ne displays a message to 
the user about how to exit th
e program by typing a ctrl-C.
 
7) Subroutine SUMCHOI- Subroutine 
SUMCHOI gives the option 
of displaying the entire sum
mary report or displaying 
selected parts of the report
. Subroutine SUMALL is calle
d 
to see the whole report and 
subroutine SUMDETR is called 
to 
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see parts of it. 
8) Subroutine SUMALL- This sub
routine is called to gene
rate 
entire summary reports. 
Printing and displaying op
tion are 
given. 
9) Subroutine SUMTYPE- This su
broutine displays the ent
ire 
summary report on the scr
een. 
10) Subroutine SUMWRITE- This s
ubroutine prints the en tir
e 
summary report on the pri
nter. 
11) Subroutine SUMDETR- This su
broutine is called to 
generate selected summary 
reports. Options on type 
of 
report are given. 
12) Subroutine SUMATT- This sub
routine displays and/or 
prints the report for a p
articular attribute. The 
report 
shows information for eac
h time the attribute was m
odified. 
13) Subroutine SUMTYA(NAT)- Subroutin
e SUMTYA displays a 
summary report, for attrib
ute NAT, on the screen. 
14) Subroutine SUMWRA(NAT)- Sub
routine SUMWRA prints a 
summary report, for attrib
ute NAT, on the printer. 
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15) Subroutine SUMPROC- This subroutine displ
ays and/or 
prints the report for a particular p
rocess. The report 
shows information for each attribute 
modified by this 
process. 
16) Subroutine SUMTP(NPR)- This subroutine displays 
a 
summary report for process NPR on th
e screen. 
17) Subroutine SUMWRP(NPR)- This subroutine p
rints a summary 
report for process NPR on the printe
r. 
18) Subroutine SUMSELC- This subroutine displ
ays and prints 
a report for a particular process w
ith a particular 
attribute. The subroutine also check
s to make sure the 
process exists. 
19) Subroutine SUMTAP(K,J)- This subroutine d
isplays a 
report for process K with attribute 
Jon the screen. 
20) Subroutine SUMWAP(K,J)- This subroutine p
rints a report 
for process K with attribute Jon th
e printer~ 
21) Subroutine HISTCHOI- This subroutine dete
rmines whether 
all histogram data or only selected 
histograms are to be 
displayed. 
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22) Subroutine HISTALL- Subroutine HISTALL prints and/or 
displays all histogram data. 
23) Subroutine HISTDISP(I,J)- This subroutine displays 
histogram data for process I with attribute Jon the scre
en. 
24) Subroutine HISTTABP(I,J)- This subroutine prints 
histogram data for process I with attribute·J on the 
printer. 
25) Subroutine HISTDETR- Subroutine HISTDETR determines if 
histogram data it to be displayed for a particular 
attribute, a particular process or a particular process w
ith 
a particular attribute. 
26) Subroutine HISTSELC- Thi~ subroutine prints and displays 
histogram data for a particular process with a particular
 
attribute. An error message is given if histogram data i
s 
not available for the requested process and attribute. 
27) Subroutine HISTPROC- This subroutine prints and displays 
histogram data for a particular process. 
28) Subroutine HISTATT- This subroutine prints and displays 
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all histogram data 
for a particular a
ttribute. The data
 is 
displayed every tim
e the attribute was
 modified and data 
was 
collected. 
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5. Areas of Further
 Development 
There are three main
 areas in which furt
her development 
of the model may be 
useful. The first i
s to incorporate 
additional stopping 
rules such as the fo
llowing: 
1) Run until a specified 
amount of raw materi
al has 
been used 
2) Run until a specified 
number of parts have 
been made 
or until there are a
 specified number of
 rejects 
3) Run until a specified 
amount of raw materi
al has 
been used or until t
here a specified num
ber of rejects 
4) Run until the variance
 of the mean of a pa
rticular 
attribute is within 
a certain interval 
5) Run until the percent 
rejects (percent outside a
 
specified interval) of a 
particular attribute 
is less 
than a certain amoun
t 
The second is to con
struct a simulation 
interrupt such 
that the user may st
op the simulation an
d have all data 
collected up to that
 point saved in the 
output file. This 
device would prove t
o be a valuable time
 saver; since the 
user is able to mon
itor the simulation a
nd he would be able 
to stop it and exami
ne statistical repo
rts, it may never 
have to· run for as l
ong as initially hyp
othesized. This 
would enable the use
r to not only save c
omputer time, but 
time for himself as 
well. 
The third area involv
es the development o
f graphical 
output for the histo
gram data collected 
by the simulation. 
If graphics were ava
ilable the model wou
ld present a more 
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complete report since the data would be represented in a 
pictorial as well as tabular form. 
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6. Variable
 Dictionary 
A(I) = array of
 attributes 
being modifi
ed 
AB(I,J) = value
 of attribut
e J after pr
ocess I is d
one 
CUM(K) = cumul
ative number 
of parts for
 cell K 
CWIDTH(I,J) = c
ell width fo
r the histogr
am for proc
ess I 
with attribu
te J 
DESCATT(I,J) = 
description 
of attribute
 Jin proces
s I 
DESCPROC(I) = d
escription o
f process I 
DMEAN(I,J) = di
fference of 
means for pr
ocess I and 
attibute 
J 
DSTD(I,J) = dif
ference of s
tandard devi
ations for p
rocess I 
with attribu
te J 
FILE= strin
g for a file
 name 
HIST(I,J) = his
togram flag 
for collecti
ng data for 
process I 
with attribu
te J 
ICR = value 
of a carriag
e return <er
> 
IFILE = strin
g for a file
 name 
INP = name o
f the user s
pecified inp
ut/output fi
le 
KCELL(I,J,K) = 
counters ·for
 the number 
of parts tha
t fall 
within cell 
Kon attribut
e J for proc
ess I 
KFILE(I) = strin
g for a file
 name 
KP(I) = string 
variable 
KX(I,J) = count
er for the n
umber of par
ts rejected by 
process I w
ith attribute
 J before th
e current pr
ocess is 
started 
LBL = string
 variable us
ed for the t
itle, versio
n number and
 
authors' nam
es 
LINE= one l
ine of instr
uctions form
 file HELP 
MESS= string
 variable us
ed for simu
lation title 
and summary 
title 
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MODEQN(I,J,K) = modifying equation and additional eq
uations 
for process J with attribute J, there may b
e up to K 
equations where the first MODEQN(I,J,1) is the modify
ing 
equation and all others are additional equa
tions 
NA(I) = number of attributes modified by process I 
NATT(I,J) = number of the attribute for process I wi
th 
attribute J, the number equals J 
NCELLS(I,J) = number of cells for the histogram for 
process 
I with attribute J 
NPARTS = number of parts to be processed, u
sed in PUTINFIL 
NPARTS(I) = number of parts processed by process I 
NPROC = number of processes 
NRUNS = number of parts to be processed 
NX(I,J) = number of parts out of tolerance on attribu
te J at 
process I 
NY= string used for yes 'Y' and no 'N' ans
wers 
OF= string for a file name 
OPT= value returned from subroutine ESCAPE
, S start over, Q 
quit, C continue 
PMEAN(I,J) = previous mean of attribute J at process
 I 
PSTD(I,J) = previous standard deviation of attribute
 J at 
process I 
REJ(I,J) = rejection flag used to determine if a part i
s to 
be taken off the line if out of tolerance o
n attribute J at 
process I 
REL(K) = relative number of parts in cell K 
TEMP= temporary location for a modifying e
quation 
TOL1(I,J) = lower tolerance for process I with attrib
ute J 
TOL2(I,J) = upper tolerance for Process I with attrib
ute J 
UPLIM(I,J) = upper limit on the first cell of the his
togram 
for process I with attribute J 
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XMEAN(I,J) = mean value of attribute J at p
rocess I 
XSTD(I,J) = standard deviation of the mean 
of attribute J at 
process I 
XX(I) = global variable that may be used in
 subroutine 
PROCESS 
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Appendix l 
Appendix I contains a sample of subroutine PROCESS, copies 
of all the files created by the program, sample Summary 
Reports and Histogram Tables. 
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3 4 2 4 
INITIALIZE ATTRIBUTES 
1 LENGTH 
A(l)=.03571 
XX(l>=SIN(A(l)) 
2 HEIGHT 
A(2)=.17769 
3 WIDTH 
A(3)=.657319 
4 WEIGHT 
A(4)=12.5786 
!3HAPE THE PART 
1 LENGTH . 1234 
A(1)=2*ABS(XX(1))+ABS(S!N(RNORM(4.6,.09))) 
XX(4)=RNORM(3.495,.78) 
XX(3)=C0S(A(3)) 
2 HEIGHT 1. 324 
A(2)=4*AB8(XX(3))+SQRT<XX(4)l 
BORE HOLE THROUGH CENTER 
1 LENGTH • 00253 
A(l)=SIN<A<1>>**2 
2 HEIGHT • 00796 
A(2)=ABS(C0S(A(3)))+RNORM(3.29,2.4) 
3 WIDTH . 00534 
A(3)=SQRT(AC1l > 
4 WEIGHT • 00318 
A(4)=ABS(C0S(A(2)))+RNDRM(5.4,.3) 
7 .043000 .000340 
8 • 180000 3. 65100 
6 .063000 1.09890 
9 .019500 
325 
.000027 
Figure 8A 
Sample Input File 
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.7984 H 
4.9734 H R 
.06157 R 
1.99736 H 
.71998 H R 
5.3432 
SUBROUTINE PROCESS(!) 
COMMON/SIMCOM/A(5),NAC5),NXC10,5),KX(10,5),NPARTS<10), 
+ XMEAN(l0,5),XSTD<l0,5),NATT<l0,5),NCELLS<l0,5), 
+ CWIDTH(10,5),UPLIM<10,5),KCELL<10,5,11),NPROC, 
+ DESCPROC,DESCATT,HIST,XX<lO),REJ,TOLl,TOL2, 
+ DMEAN<l0,5>,DSTD<l0,5) 
CHARACTER DESCPROC(10)*66,DESCATTC10,5)*30,HISTC10,5)*1, 
+ REJ(10,5)*1,TOL1(10,5)*10,TOL2(10,5)*10 
c-m TO ( 1, 2, 3) I 
1 CONTINUE 
A < 1 ) =. 03571 
XX(l)=BINCA(l)) 
A (2)·=. 17769 
A(3)=.657319 
A(4)=1.2.5786 
RETURN 
2 CONTINUE 
AC1)=2*ABS(XX(1) )+AB5(SINCRNORMC4.6,.09))) 
XX(4)=RNORM(3.495,.7B) 
XX(3)=C0S(AC3)) 
IF(A( 1).LT .. 1234 )NX< 2, l)=NX( 2, 1)+1 
IF<A< 1).GT .. 7984 )NX< 2, U=NXC 2, 1)+1 
A(2)=4*AB8CXXC3))+SQRTCXX(4)) 
IFCAC 2).LT.1.324 )NX< 2, 2)=NX< 2, 21+1 
IF<A< 2).GT.4.9734 )NX( 2, 2)=NX< 2, 2">+1 
RETURN 
3 CONTINUE 
A(l)=SIN(A(l)>**2 
IF(A( 1).LT..00253 )NX< 3, l)=NX( 
IF ( A ( 1) . GT .. 06157 ) NX < 3. 1) =NX C 
AC2)=ABS(C0S(A(3)))+RNORMC3.29,2.4) 
IF<A< 2).LT .. 00796 >NXC 3, 2)=NX< 
IF<A< 2).(3T.1.99736 )NX< 3, 2)=NX< 
A ( 3) =SQRT <A < 1 ) ) 
IFCAC 3).LT .• 00534 >NX< 3, 3)=NX< 
IF<A< 3).GT..71998 )NXC 3, 3)=NX< 
AC4)=ABS(C0S(AC2)))+RNORM(5.4,.3) 
IF<?H 4).LT .. 0031E3 )NX< 3, 4)=~JX( 
IF(A( 4).GT.5.3432 )NXC 3, 4)=NX( 
RETURI\J 
END 
Figure SB 
' ._,' 
3, 
3, 
3, 
3, 
< 
._,' 
3, 
3, 
Sample of Subroutine PROCESS 
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1 > +1 
1) +1 
2)+1 
2)+1 
3)+1 
3)+1 
4)+1 
4)+1 
3 4 2 4 
INITIALIZE ATTRIBUTES 
1 LENGTH 
2 HEIGHT 
3 WIDTH 
4 WEIGHT 
SHAPE THE 
1 LENGTH 
2 HEIGHT 
PART 
BORE HOLE 
1 LENGTH 
2 HEIGHT 
3 WIDTH 
4 WEIGHT 
THROUGH CENTER 
7 .043000 
8 . 180000 
6 .063000 
9 .019500 
325 
. 000340 
3.651000 
1.098900 
.000027 
. 1234 
1. 324 
.00253 
.00796 
.00534 
.00318 
Figure 8C 
Sample Scratch File 
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• 7984 H 
4.9734 H R 
.06157 R 
1. 99736 H 
• 71998 H R 
5.3432 
3 4 2 4 
325INITIALIZE ATTRIBUTES 
1 LENGTH 
.035710 .000001 • 000000 . oociooo 
2 HEIGHT 
• 177689 .000019 .000000 .0000
00 
"'!' WIDTH . ., 
.657318 .000046 .000000 . 00000
0 
4 WEIGHT 
12.578610 .000237 .000000 .000
000 
325SHAPE THE PART 
1 LENGTH .1234
 
. 552311 .013986 .516600 .0139
86 
7 • 043000 .000340 
0 0 5 15 15 12 9 269 
.., HEIGHT 1. 324
 
..:. 
3.828693 .013893 3.651003 .013
892 
8 . 180000 3.651000 
83 58 ff < 101 0 0 0 0 
0 
·-· 
325BORE HOLE THROUGH CENTER 
1 LENGTH .0025
3 
. 3(>5453 .011194 -.246857 .003299 
2 HEIGHT .0079
6 
1. 294890 .016017 -2. 5338(>1 .020741 
6 • 063000 1.098900 
103 22 17 15 16 30 1??
 
...... 
3 WIDTH .00534
 
.508956 . 011988 -.148363 .0119
88 
9 • 019500 .000027 
/1 0 0 0 1 6 10 7 7 
4 WEIGHT 
• 8114i3 
.00318 
.020086 -11. 767190 .020082 
Figure 8D 
Sample Output File 
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0 
0 
0 
(I 
.7984 H 
89 
4.9734 H R 
0 
.06157 R 
270 
1.99736 H 
0 
.71998 H R 
70 
294 
5.3432 
0 
******************************* ** SIMULATION SUMMARY REPORT** 
******************************* 
PROCESS 1 SHAPE THE PART 
ATTRIBUTE DESCRIPTION 
# 
1 LENGTH 
2 HEIGHT 
ATTRIBUTE CURRENT 
tt MEAN 
1 
.552311 
2 3.828693 
ATTRIBUTES MODIFIED BY PRO°cESS 1 
---------------------------------
CURRENT 
STD. DEV. 
• 01.3986 
.013893 
NO. PARTS 
MODIFIED 
PREVIOUS 
MEAN 
.035710 
• 177689 
325 
325 
PREVIOUS 
STD. DEV. 
• 0(1(1(1(11 
.000019 
NO. PARTS OUT 
OF TOLERANCE 
89 
0 
DIFFERENCES 
OF MEANS 
.51660(1 
3.651003 
PROCESS 2 BORE HOLE THROUGH CENTER 
ATTRIBUTES MODIFIED BY PROCESS 2 
---------------------------------ATTRIBUTE DESCRIPTION NO. PARTS NO. PARTS OUT 
tt MODIFIED OF TOLERANCE 
1 LENGTH 325 270 
2 HEIGHT 325 0 
3 WIDTH 325 70 
4 ~JEIGHT 325 0 
ATTRIBUTE CURRENT CURRENT PREVIOUS PREVIOUS DIFFERENCES 
tt MEAN STD. DEV. MEAN STD. DEV. OF MEANS 
1 .305453 .011194 .552311 .013986 -.246857 
2 1.294890 .016017 3.828693 .013893 -2.533801 
3 .508956 .011988 .657318 .000046 -.148363 
4 .811413 .020086 12.578610 .000237 -11. 767190 
Figure BE - Entire Summary Report 
DIFFERENCES 
OF STD. DEVS. 
.013986 
.013892 
DIFFERENCES 
OF SlU. DEVS. 
.003299 
.020741 
.011988 
.020082 
00 
0 
***************************
**** 
** SIMULATION SUMMARY REPOR
T** 
***************************
**** 
PROCESS 1 SHAPE THE PART 
ATTRIBUTES MODIFIED BY PROCE
SS 1 
ATTRIBUTE DESCRIPTION 
NO. PARTS NO. PARTS OUT 
# 
MODIFIED OF TOLERANCE 
1 LENGTH 
325 89 
ATTRIBUTE CURRENT CURREN
T PREVIOUS PREVIOUS DIFFE
RENCES 
# MEAN STD. DEV. 
MEAN STD. DEV. OF MEANS 
1 . 552311 .01398
6 .035710 • 00000 l 
.516600 
PROCESS 2 BORE HOLE THROUGH
 CENTER 
ATTRIBUTES MOD IF I ED BY PROCE
SS 2 
ATTRIBUTE DESCRIPTION 
NO. PARTS NO. PARTS OUT 
# 
MODIFIED OF TOLERANCE 
1 LENGTH 
325 270 
ATTRIBUTE CURRENT CURRENT
 PREVIOUS PREVIOUS DIFFEREN
CES 
# MEAN STD, DEV. 
MEAN STD. DEV. OF MEANS 
1 .305453 • 011194 • 5
52311 .013986 -.246857 
Figure BF - Summary Report o
f a Particular Attribute 
DIFFERENCES 
OF STD. DEVS . 
.013986 
DIFFERENCES 
OF STD. DEVS. 
.003299 
0:, 
I-' 
****************************
*** 
** SIMULATION SUMMARY REPORT*
* 
****************************
*** 
PROCESS 2 BORE HOLE THROUGH C
ENTER 
ATTRIBUTES MODIFIED BY PROCESS
 2 
ATTRIBUTE DESCRIPTION 
NO. PARTS NO. PARTS OUT 
# 
MODIFIED OF TOLERANCE 
1 LENGTH 
325 270 
2 HEIGHT 
325 (l 
3 WIDTH 
325 70 
4 WEIGHT 
325 0 
ATTRIBUTE CURRENT CURRENT 
PREVIOUS PREVIOUS DIFFERENCES
 
# MEAN STD. DEV. ME
AN STD . DEV. OF MEANS 
1 . 305453 .011194 
.552311 .013986 -.24685
7 
2 1. 294890 .016017 
3.828693 .013893 -2.533
801 
3 .508956 .011988 
.657318 .000046 -.14836
3 
4 .811413 .020086 1
2.578610 .000237 -11.7671
90 
Figure 8G - Summary Report of a
 Particular Process 
DIFFERENCES 
OF STD. DEVS. 
• 003299 
• 020741 
• 011988 
. 020082 
(X) 
N 
**************
**************
*** 
** SIMULATION S
UMMARY REPORT*
* 
**************
**************
*** 
PROCESS 2 BORE
 HOLE THROUGH C
ENTER 
---
--·--
-- ATTRIBUTES MOD
IFIED BY PROCESS
 2 
ATTRIBUTE DESCR
IPTION 
NO. PARTS NO. 
PARTS OUT 
# 
MODIFIED OF 
TOLERANCE 
1 LENGTH 
325 
270 
ATTRIBUTE CURR
ENT CURRENT 
PREVIOUS PREV
IOUS DIFFEREN
CES 
# MEAN 
STD. DEV. ME
AN STD. DEV
. OF MEANS 
1 . 3(>5453 
• 011194 .55
2311 .01398
6 -.246857
 
DIFFERENCES 
OF STD. DEVS. 
• 003299 
Figure SH - Sum
mary Report of a
 Particular Por
cess with a Par
ticular Attribut
e 
HISTOGRAM DATA FOR 
PROCESS 1 ATTRIBUTE 1: LENGTH 
OBSERVED RELATIVE CUMULATIVE 
UPPER CELL 
NO. PARTS NO. PARTS NO. 
PARTS LIMIT 
---------
---------
----------
----------
I) .000000 .000000 
.000340 
0 .000000 .000000 
.043340 
5 .015385 
.015385 .086340 
15 .046154 
.061538 .129340 
15 .046154 
.107692 . 17234-0 
12 .036923 
. 144615 . 215340 
9 .027692 
.172308 • 25834-0 
269 .827692 
1.000000 INFINITY 
325 
Figure 81 
Sample Histogram Table 
83 
HISTOGRAM DATA FOR 
PROCESS 1 ATTRIBUTE 2: HEIGHT 
OBSERVED RELATIVE CUMULATIVE 
NO. PARTS NO. PARTS ND. PARTS 
---------
---------
----------
83 . 255385 . 255385 
58 • 178462 • 433846 
83 . 255385 • 689231 
101 • 310769 1 • 000000 
0 • 000000 1. 000000 
(I • 000000 1. 000000 
0 • 000000 1. 000000 
0 • (H)000(r 1. 000000 
0 • 000000 1. 000000 
325 
Figure 8J 
UPPER CELL 
LIMIT 
----------
3.651000 
3.831000 
4.011000 
4.191000 
4.371000 
4.551000 
4.730999 
4.910999 
INFINITY 
Sample Histogram Table 
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HISTOGRAM DATA FOR 
PROCESS 2 ATTRIBUTE 2: HEIGHT 
OBSERVED RELATIVE CUMULATIVE 
NO. PARTS NO. PARTS NO. PARTS 
---------
--------- -
---------
103 • 316923 .316923 
22 • 067692 • 384615 
17 • 052308 .436923 
15 • 046154 .483077 
16 • 049231 . 532308 
30 • 092308 .624615 
122 . 375385 1.000000 
325 
Figure 8K 
UPPER CELL 
LIMIT 
-------
---
1. 098900 
1. 161900 
1. 224900 
1. 287900 
1. 350900 
1. 413900 
INFII\IITY 
S~mple Histogra~ Table 
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HISTOGRAM DATA FOR 
PROCESS 2 ATTRIBUTE 3: WIDTH 
OBSERVED RELATIVE CUMULATIVE 
NO. PARTS NO. PARTS NO. PARTS 
--------- --------- -------
---
0 .000000 .000000 
0 .000000 .000000 
0 .000000 .000000 
0 .000000 .000000 
1 .003077 .003077 
6 .018462 .021538 
10 .030769 .052308 
7 .021538 .073846 
7 .021538 .095385 
294 .904615 1.000000 
325 
Figure 8L 
UPPER CELL 
LIMIT 
----------
.000027 
.019527 
.039027 
.058527 
.078027 
.097527 
.117027 
. 136527 
.156027 
INFINITY 
Sample Histogram Table 
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Appendix l!. 
Appendix II contains a detailed user's man
ual which will 
teach the user how to create a simulation 
of a sequential 
manufacturing operation and obtain summary
 reports and 
histogram tables. 
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User's Manual 
This manual's primary purpose i
s to teach you how to create 
your own simulation of a sequen
tial manufacturing operation 
and obtain the desired output re
ports. This will be 
accomplished by following the st
ep by step detailed example 
·, 
that is provided. Examples, of 
all the files created and 
the types of reports that may be
 generated, are presented in 
Appendix I. 
-:d: WARNING ~b': 
It is IMPERATIVE that you READ 
THE ENTIRE MANUAL before 
attempting to run the programs.
 If an error is made while a 
program is executing, files you
 are using may be DAMAGED. 
Getting Started 
The first thing that you must do
 is boot the system and 
enter the current date and time.
 Entering the date and time 
is important because it will en
able you to determine when a 
particular file was created or l
ast modified. Once this is 
done the cursor should be in fro
nt of the prompt: 
C: \WORK> 
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If you type 
.C:\WORK>RUNINPUT 
After a few seconds you should see: 
SIMULATION OF A 
PRODUCTION LINE 
VERSION 1,0 
BY DR. L.J. PLEBANI AND JILL B. WOOTTEN 
This will remain on the screen for only a couple of seconds. 
The next message will be: 
REMINDER ON SPECIAL DETAILS 
1. ESC <escape>- this k•Y can be entered whenever a 
choice is given. It is used to "escape" when in 
trouble by getting instructions, starting over 
or quiting the program, 
2. If a list is longer than can be printed on the 
screen, only a portion will be printed at a time. 
By hitting the CCR> (carriage return> the list 
continues, 
3. Ctrl-C can be entered when the user is unable to 
use ESC and needs to exit the program. If these 
keys are used all information entered during the 
session will be 1ost. The only time a ctrl-C 
MAY NOT be used is when a file name is being entered. 
Nothing else will happen until you hit the carriage return. 
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Determining the Input File 
Once you have entered a carriage return, you will be 
presented with the options contained in Menu A: 
1. Load an OLD Input File 
2. Create a NEW Input File 
3. List all old Input Files 
Enter ( 1, 2 or 3): \ 
If you press the "ESC" key (which appears as a backward 
slash on the display), the following will appear on the 
screen: 
Type S to Start Over 
Type H to get Help 
Type Q to Quit the Program 
Type C to Continue 
Enter (S,H,Q or C): C 
When an His entered, a list of instructions will be 
displayed then Menu A will appear again. 
When an Sis entered, the program will start over from the 
very beginning. 
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When a Q is entered, the program will end and you will see 
the prompt: 
C: \WORK> 
When a C is entered, the program will continue as if "ESC" 
was never entered and Menu A will be displayed. 
If a 3 is entered from Menu A, a list of all the old input 
files will be displayed. If it is the first time the 
program is being executed only the file name EXAMPLE will 
appear. Each time a new file is created it is added to this 
list. 
Creating~ New File 
To create a new file enter the number 2 from Menu A. 
1. Load an OLD Input File 
2. Create a NEW Input File 
·3. List all old Input Files 
Enter (1,2 or 3): 2 
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The following will appear on the screen: 
Enter the Name of the File according to the 
following guidelines: 
1. The name can be up to 8 alphanumeric characters 
2. The first character must be a letter 
3. No special characters may be used <*,!,?,! etc.> 
Enter the File Name EXAMPLE 
For this sample session the file name EXAMPLE is used. 
After a name is entered a check is made to determine if the 
name already exists. If it does the following message 
appears: 
EXAMPLE ALREADY EXISTS 
USE IT ANYWAY? CY/N) : Y 
If you enter 'N' Menu A will return. 
If you enter 'Y', a warning is displayed. 
IF EXAMPLE IS USED THE PRESENT FILE WILL BE DESTROYED 
USE IT ANYWAY? CY/N) : 
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If you answer 'N', Menu A is dis
played. If you answer 'Y' 
all the contents of that file a
re cleared and a new file is 
created. 
If the file name you entered do
es not exist a check is made 
to insure that the name entered 
does not begin with a number 
and does not contain special ch
aracters. 
When a name contains special ch
aracters, the following 
message appears. 
THE FILE NAME CAN NOT CON
TAIN SPECIAL CHARACTERS 
When a name has a number as its
 first character, the 
following message appears. 
THE FILE NAME CAN NOT BEG
IN WITH A NUMBER 
In either case you must hit the
 carriage return in order to 
continue. You will then be aske
d to enter another name. 
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Enter the Part Attributes 
Once the new file name has been determined, the following is 
displayed: 
Enter the Description for Each Attribute of the Part being Manufactured 
Attribute# Description 
1 LENGTH 
2 HIEGHT 
3 WIDTH 
4 DONE 
You are given the attribute# as a prompt and are expected 
to enter the description of each one. When you are finished 
entering all the part attributes, type "DONE" for the 
description. 
You must then enter the initial values for these attributes. 
The screen appears as follows: 
Enter the Initial Value (Equation A(#)=value) of the Part being Manufactured 
Attribute# 
1 
2 
3 
Description 
LENGTH 
HIEGHT 
WIDTH 
Initial Value 
A (1) =. 03571 
A<2>=.17769 
A(3)=. 657319 
Once all of the Initial Values have been entered, all the 
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information for the part attributes is displayed and you are 
asked if everything is correct. 
Attribute# Description 
1 LENGTH 
2 HIEGHT 
3 WIDTH 
IS EVERYTHING CORRECT? (YIN>: N 
Initial Value 
A(l)=.03571 
A<2>=.17769 
A<3)=.657319 
If you answer 'N' the following dialogue occurs: 
MODIFY ATTRIBUTE#: 2 
ENTER THE DESCRIPTION 
HEIGHT 
ENTER THE INITIAL VALUE: A(2)=.17769 
MODIFY ANOTHER ATTRIBUTE? (Y/N): N 
If you type 'Y' and wish to modify another attribute, then 
the same dialogue will occur again. _If you type 'N' then 
the attributes appear on the screen with all the changes 
made. 
Attribute# Description 
1 LENGTH 
2 HEIGHT 
3 WIDTH 
IS EVERYTHING CORRECT? (Y/N): Y 
ADD ANOTHER ATTRIBUTE? <YIN>: Y 
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Initial Value 
A < 1) =. 03571 
A<'.2)=.17769 
A(3)=.657319 
If you answer 'Y
' and wish to ad
d another attrib
ute yo~ are 
given the next 
attribute numbe
r as a prompt an
d the 
following appea
rs: 
ENTER INFORMATIO
N FOR ATTRIBUT
E#: 4 
ENTER THE DESC
RIPTION: WEIGH
T 
ENTER THE INIT
IAL VALUE: AC
4)=12.5786 
Once all the at
tributes have b
een added, they
 are listed and
 
you are given t
he chance to m
odify them again
. 
Attribute # 
Description 
1 LENGTH
 
2 HEIGHT
 
3 WIDTH 
4 WEIGHT
 
IS EVERYTHING C
ORRECT? CY/N): Y 
ADD ANOTHER ATT
RIBUTE? (Y/N): N 
Initial Value
 
A < 1 > =. <)3571 
A<2>=.17769 
A(3)=.657319 
A<4>=12.5786 
If everything is
 correct and yo
u do not wish to
 enter 
another attribu
te you will be 
given the optio
n of entering 
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additional initial equ
ations. These equation
s are used to 
further describe the sy
stem and can be any va
lid FORTRAN 
statement. The variab
le XX(I) is defined as a glo
bal 
variable that may be u
sed in these equations.
 
!f you type 'Y' to ent
er additional initial e
quations the 
fol1owing screen dialog
ue occurs: 
Do you want to enter
 Additional Initial E
quations? <YIN): Y 
ENTER EQUATION 1 
XX(1)+SIN(A(1)) 
XXC1)+SINCAC1)) 
IS THIS CORRECT? (Y/N): N 
If it is not correct ty
pe 'N', and re~enter th
e equation. 
ENTER THE CORRECTED E
QUATION 
XX(1)=SIN(A(1)) 
XX(1)=SIN(A(1)) 
IS THIS CORRECT? CY/N
): Y 
ENTER ANOTHER EQUATION? (Y
/N): N 
If it is correct type 
'Y' and enter all other
 initial 
equations. 97 
Enter the Proc
esses 
You must now e
nter the proce
sses. You are
 given the pro
cess 
number as a pr
ompt and asked
 to enter a de
scription of e
ach. 
The screen app
ears as follow
s: 
ENTER THE DES
CRIPTION OF EA
CH PROCESS 
PROCESS# DE
SCRIPTION 
1 MOLD TH
E PART 
2 BORE H
OLE THROUGH CE
NTER 
3 DONE 
Once you have 
finished enter
ing all the pr
ocess 
descriptions, 
type the word 
"DONE" as the 
next decriptio
n. 
All of the pro
cess numbers a
nd description
s will then be
 
displayed to i
nsure that the
y are correct·.
 
PROCESS# DE
SCRIPTION 
1 MOLD TH
E PART 
2 BORE H
OLE THROUGH C
ENTER 
IS EVERYTHING 
CORRECT? (YIN):
 N 
If an 'N' is. e
ntered the foll
owing dialogue
 occurs: 
ENTER THE# O
F THE PROCESS 
TO BE MODIFIED
: 1 
ENTER THE DES
CRIPTION: SHAP
E THE PART 
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The processes and their descriptions are displayed again and 
you have the option of correcting another error, 
~ROCESS tt DESCRIPTION 
1 SHAPE THE PART 2 BORE HOLE THROUGH CENTER 
IS EVERYTHING CORRECT? (Y/N): Y 
Enter 'Y' once all errors have been eliminated, You will 
then see the following question: 
ADD ANOTHER PROCESS? (Y/N): 
If you wish to add another process type 'Y' • The following 
prompt will appear with the next process number, 
ENTER THE DESCRIPTION FOR PROCESS 3 
HEAT THE PART 
Once. the description is entered, all the processes are 
displayed so you may check for errors. 
PROCESS* DESCRIPTION 
1 SHAPE THE PART 
2 BORE HOLE THROUGH CENTER 
3 HEAT THE PART 
IS EVERYTHING CORRECT? <YIN>: Y 
ADD ANOTHER PROCESS? (Y/N):N 
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After all processes 
have been entered and
 all errors have 
been corrected, ente
r 'Y' and 'N', respec
tively, to the 
above questions. 
It is now time to det
ermine which attribu
tes are modified by 
each process. The f
ollowing is an examp
le of the dialogue 
which typically occu
rs. 
DETERMINE WHICH ATT
RIBUTES ARE MODIFIED
 BY 
PROCESS 1 SHAPE THE
 PART 
DOES PROCESS 1 MOD
IFY 
ATTRIBUTE 1 LENGTH 
? (Y/N): Y 
If you answer 'N', th
en the following wil
l appear: 
DOES PROCESS 1 MOD
IFY 
ATTRIBUTE 2 HEIGHT 
? (Y/N): 
Each time an 'N' is 
entered, you will be 
asked if the next 
attribute is modified
 by that process. 
If you enter 'Y', th
e following informat
ion is entered. Be 
sure to include a dec
imal point when enter
ing the 
tolerances, cell wid
th and upper limit on
 the first cell. 
The number of cells, 
however must be an in
teger. 
ENTER THE MODIFYING 
EQUATION 
A(1)=2*ABS(XX(l))+ABS(SI
N<RNDRM(2.1,.02)) 
ENTER THE LOWER TOL
ERANCE ,1234 
ENTER THE UPPER TOL
ERANCE .7984 
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REJECT PARTS OUT OF TOLENANCE? (V/Nl• N 
COLLECT HISTOGRAM DATA? <VIN>: V 
ENTER THE # OF CELLS: 7 
ENTER THE CELL WIDTH: .27597 
ENTER THE UPPER LIMIT OF THE FIRST C~' .00034 
DD YOU WANT TO ENTER ADDITIONAL EQUATIONS? (V/Nl• V 
ENTER THE EQUATION 
XX (3) ==COS <A <2> > 
IS THIS CORRECT? (Y/N): N 
ENTER THE CORRECTED EQUATION 
XX(4)~RNORM(3.45,.98> 
XX(4)==RNORM(3.45,.9B> 
IS THIS CORRECT? <YIN>: Y 
ENTER ANOTHER EQUATION? (Y/N): N 
This information is entered for each attribute that is 
modified by a particular process, 
Once all information, for all the attributes modified by 
this process, is entered it is listed on the screen as 
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follows: 
ATTRIBUTES F
OR PROCESS 
1 
ATTRIBUTE DE
SCRIPTION 
1 LENGT
H 
2 HEIGH
T 
TOL1 
.1234 
1.324 
TOL2 
.7984 
4.9734 
MODIFYING EQUA
TION 
A(l)=2*ABS(XX(
1))+ABS<SIN<RN
ORM(2.1,.02)) 
A(2)=4*AB8(XX(3
))+SQRT<XX<4>>
 
IS EVERYTHIN
G CORRECT? 
(Y/N): N 
If you answe
r 'N' then th
e following 
appears: 
MODIFY ATTR
IBUTE#: 1 
HIST REJECT 
H 
H R 
You are then
 asked to en
ter all the a
ttribute info
rmation as 
before. Once 
this is done,
 the data is
 displayed o
n the 
screen. 
ATTRIBUTES F
OR PROCESS 
1 
ATTRIBUTE D
ESCRIPTION 
1 LENG
TH 
2 HEIG
HT 
TOLl 
.1234 
1. 324 
MODIFYING E
QUATION 
. 
TOL2 
• 7984 
4.9734 
AC1)=2*ABS(XX
(1))+AB8(SINCRN
ORM(4.6 •• 09)) 
A(2)=4*ABS<XX(
3))+SQRTCXXC4
)) . 
IS EVERYTHIN
G CORRECT? 
(Y/N): Y 
HIST REJECT 
H 
H R 
If you answe
r 'Y' and hist
ogram speci
fications we
re entered 
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for one or more of
 the attributes, t
he following appe
ars on 
the screen: 
HISTOGRAM SPECIFIC
ATIONS FOR THE A
TTRIBUTES OF 
PROCESS 1 
ATTRIBUTE DESCRIP
TION # CELLS 7 
CELL WIDTH UPPER 
LIMIT 
1 LENGTH 
2 HEIGHT 
8 
IS EVERYTHING COR
RECT? CY/N): N 
.454300 
1.313810 
If 'N' is entered,
 you will see the 
following: 
MODIFY ATTRIBUT~ 
#: 1 
. 003400 
. 036250 
You are given the 
option of entering
 histogram data fo
r that 
attribute. If you 
enter 'Y', data is 
entered as before.
 
All attributes are
 listed again and 
you are given the
 option 
of making correcti
ons. Once all co
rrections have bee
n made, 
you will be asked:
 
DO YOU WANT TO ADD
 ANOTHER ATTRIBUT
E? CY/N): N 
If you answer 'Y', 
you will be asked 
to enter all the 
information for th
e attribute you se
lected. If you an
swer 
'N', you will be a
sked to determine 
which attributes a
re 
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modified by the rema
ining processes. 
Once it has been det
ermined which attrib
utes are modified by
 
all processes the fo
llowing will appear:
 
ENTER THE NUMBER OF
 PARTS TO BE PROCES
SED: 300 
300 PARTS 
IS THIS CORRECT? <Y
IN>: N 
If you enter 'N', yo
u will again be aske
d to enter the 
number of parts. 
Once you answer 'Y',
 the information you
 have entered will 
be saved under the f
ile name you specifi
ed in the beginning.
 
The red light on the
 hard disk drive wi
ll blink for a coupl
e 
of minutes while a 
FORTRAN subroutine i
s constructed from 
the information you 
entered. The subrou
tine is then 
compiled and linked
.to the simulation p
rogram. A sample 
copy of this subrou
tine can be seen in 
Appendix I. 
Modify an Existing F
ile 
To modify an existin
g file enter the nu
mber 1, from Menu A:
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1. Load an OLD Input File 
2. Create a NEW Input File 
3. List all old Input Files 
Enter (1,2 or 3): 1 
After a 1 is entered the following wUl appear: 
Enter the Name of the File to be used• EXMPLE 
If the file name entered does not exist, the following error 
message will be displayed: 
EXMPLE 
DOES NOT EXIST AS AN OLD FILE 
After you hit return, Menu A will appear again. Once you 
have entered a file name correctly, you are given the option 
to modify the file, 
MODIFY THE FILE? (YIN>: Y 
If the simulation is to be run with the file exactly the way 
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it is, answer 'N' to this question and proceed with the 
simulation. If the file must be modified enter 'Y' and Menu 
B will appear: 
1, MODIFY A PROCESS 
2. ADD A PROCESS 
3. DELETE A PROCESS 
4. CHANGE THE# OF PARTS TD BE PROCESSED 
5. FINISHED MODIFYING 
ENTER (1,2,3,4 OR 5): 4 
If you enter 4, the following will be displayed: 
THE# OF PARTS CURRENTLY LISTED IS 325 
ENTER THE CORRECT# OF PARTS: 350 
Once you enter the corrected number of parts, the number 
will be displayed as follows: 
PROCESS 350 PARTS 
IS THIS CORRECT? <YIN): Y 
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If you enter 'N', you wil
l be asked to enter the co
rrected 
number again. If you ente
r 'Y', Menu B will reappea
r. 
1. MODIFY A PROCESS 
2. ADD A PROCESS 
3. DELETE A PROCESS 
4. CHANGE THE# OF PARTS
 TO BE PROCESSED 
5. FINISHED MODIFYING 
ENTER <1,2,3,4 OR 5): 3 
If you enter 3, the proces
ses and descriptions will 
be 
listed as follows: 
PROCESS 
0 
1 
2 
3 
DESCRIPTION 
INITIALIZE ATTRIBUTES 
SHAPE THE PART 
BORE HOLE THROUGH CENTER
 
HEAT THE PART 
ENTER THE# OF THE PROCE
SS TO BE DELETED: 2 
Once you enter the number 
of the process to be delet
ed, a 
check is made to be sure t
he correct number was ente
red. 
PROCESS 2 IS TO BE DELE
TED? (Y/N): N 
If you answer 'N', you are
 given the following optio
n: 
DELETE A DIFFERENT PROCE
SS? CY/N): Y 
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If you answer 'N', Me
nu Bis displayed. I
f you answer 'Y', 
the processes and des
criptions are displaye
d again. 
PROCESS DESCRIPTION 
0 INITIALIZE ATT
RIBUTES 
1 SHAPE THE PART 
2 BORE HOLE THROU
GH CENTER 
3 HEAT THE PART 
ENTER THE# OF THE P
ROCESS TO BE DELETED
: 3 
PROCESS 3 IS TO BE 
DELETED? (Y/N): Y 
If you answer 'Y', th
e process is deleted 
and you are asked 
the following: 
DELETE ANOTHER PROCE
SS? (Y/N): N 
If you answer 'Y', th
e whole cycle begins 
again. If you 
answer 'N', Menu B re
appears. 
1. MOPIFY A PROCESS 
2. ADD A PROCESS 
3. DELETE A PROCESS 
4. CHANGE THE# OF P
ARTS TO BE PROCESSED
 
5. FINISHED MODIFYIN
G 
ENTER (1,2,3,4 OR 5): 2 
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If you enter 2,
 the processes 
and descriptions
 are listed as 
follows: 
PROCESS 
0 
1 
2 
DESCRIPTION 
INITIALIZE ATT
RIBUTES 
SHAPE THE PART 
BORE HOLE THRO
UGH CENTER 
ENTER THE NUMB
ER OF THE PROC
ESS WHICH THE 
NEW 
PROCESS IS TO 
FOLLOW: 1 
Once you enter 
the appropriate
 number above, 
you are asked 
for the followi
ng: 
ENTER THE DESC
RIPTION FOR THE
 NEW PROCESS 
HEAT THE PART 
After the descr
iption is entere
d you must type
 in all the 
information abo
ut the attibutes
 modified by th
e new process. 
This is done ex
actly the same 
way as when the
 file was 
initially creat
ed (see Enter the 
Processes). 
Once the inform
ation is added y
ou are given th
e following 
option: 
ADD ANOTHER PR
OCESS? (Y/N): N 
If you answer '
Y', the whole c
ycle is repeate
d. If you 
enter 'N', Menu
 Bis displayed
. 
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1. MODIFY A PROCESS 
2. ADD A PROCESS 
3. DELETE A PROCESS 
4. CHANGE THE# OF PARTS TO B
E PROCESSED 
5. FINISHED MODIFYING 
ENTER (1,2,3,4 OR 5): 1 
If you choose 1, the processes
 and their descriptions are 
listed as follows: 
PROCESS# DESCRIPTION 
0 INITIALIZE ATTRIBUTES 
1 SHAPE THE PART 
2 HEAT THE PART 
3 BORE HOLE THROUGH CENT
ER 
ENTER THE# OF THE PROCESS TO
 BE MODIFIED: 1 
Once the process number is ent
ered the following options 
appear: 
1 • MOD I FY THE P,ROCESS DES CR I P
T I ON 
2. MODIFY THE ATTRIBUTES 
ENTER (1 OR 2): 1 
If you enter 1, you are given 
the following prompt: 
ENTER THE CORRECT DESCRIPTION
 FOR PROCESS 1 
MOLD THE PART 
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Once the description i
s entered, it is disp
layed again. 
MOLD THE PART 
IS THIS CORRECT? <YIN
>: Y 
If you answer 'Y', Me
nu B appears. If you
 answer 'N', you 
will be given a promp
t to enter the correc
ted description. 
Given the following o
ptions: 
1. MODIFY THE PROCESS
 DESCRIPTION 
2. MODIFY THE ATTRIBU
TES 
ENTER (1 OR 2): 2 
If you enter 2, Menu 
C will appear on the 
screen: 
1. ADD AN ATTRIBUTE 
2. MODIFY AN ATTRIBUT
E 
3. DELETE AN ATTRIBU
TE 
4. MODIFY ADDITIONAL 
EQUATIONS 
ENTER (1,2,3 OR 4): 
If you enter 1, the p
rogram determines whi
ch attibutes have 
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not been modified b
y the particular pr
ocess specified and
 
asks you which ones
 are to be modifed.
 Information is 
entered for the attr
ibutes as before. O
nce you are done 
adding attributes M
enu Bis displayed. 
If you enter 2 from
 Menu C, a list of 
all the attributes 
is 
displayed as follow
s: 
ATTRIBUTES FOR PRO
CESS 1 
ATTRIBUTE DESCRIPTI
ON 
1 LENGTH 
2 HEIGHT 
TOL1 
.1234 
1.324 
TOL2 
• 7984 
4.9734 
MODIFYING EQUATION 
AC1)=2*ABS(XX(l))+ABS(
SIN(RNORMC4.6,.09)) 
AC2)=4*A8S(XX(3))+SQRT<
XX<4>> . 
IS EVERYTHING CORR
ECT? (Y/N): N 
HIST REJECT 
H 
H R 
You are now able to
 make all the neces
sary modifications. 
The procedure is th
e same as when the 
file is first creat
ed. 
If you enter 3 from
 Menu C, a list of 
all the attributes 
is 
displayed. 
ATTRIBUTES FOR PRO
CESS 1 
ATTRIBUTE DESCRI
PTION 
1 LENGTH 
2 HEIGHT 
TOL1 
.1234 
1.324 
TOL2 
.7984 
4.9734 
MODIFYING EQUATION 
AC1)=2*ABS<XXC1))+ABS(S
INCRNORM(4.6 •• 09)) 
A(2)=4*AB5(XXC3))+SQR
T<XXC4)) . 
ENTER THE ATTRIBU
TE# TO BE DELETED
: 2 
DELETE ANOTHER ATTR
IBUTE? (Y/N): N 
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HIST RE,:JECT 
H 
H R 
Once you enter the 
attribute number, i
t is deleted and yo
u 
are given the optio
n to delete another
 attribute. Then a
ll 
the remaining attrib
utes are listed and
 you are given the 
option of modifying
 them. 
If you enter 4 from
 Menu C, the additi
onal equations are 
listed. 
ADDITIONAL EQUATIONS U
NDER PROCESS 1 AT
TRIBUTE 1 
EQUATION# 
1 XXC3)=C0S(AC2
)) 
2 XXC4>=RNO
RMC3.45,.98) 
You are then given 
the option to delete
 an equation. 
DELETE AN EQUATION? CY
/N): Y 
If you enter 'Y', t
he following appea
rs: 
ENTER THE# OF THE 
EQUATION TO BE DELETED: 
1 
Once you enter the 
equation number, it
 is deleted and the
 
remaining equations
 are listed. 
If you enter 'N' an
d do not wish to de
lete an equation, th
e 
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next option appears: 
AbO AN EQUATION? (Y/N): Y 
If you enter 'Y', the following prompt is given: 
ENTER THE EQUATION 
XX<3)=C0S<A<3>> 
Once the equation is entered, all additional equations are 
listed. 
ADDITIONAL EQUATIONS UNDER PROCESS 1 ATTRIBUTE 1 
EQUATION# 1 XXC4>=RNORMC3.45,.9B> 
2 XXC3>=COSCA(3)) 
DELETE AN EQUATION? <YIN): N 
ADD AN EQUATION? (YIN>: N 
IS EVERYTHING:CORRECT? CY/N): 
If you enter 'N' for all the above questions, the following 
appears: 
ENTER EQUATION# TO BE MODIFIED: 1 
ENTER THE CORRECTED EQUATION 
XX(4)=RNORM(3.495,.78> 
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Once the corrected equation is entered, all the equations 
ar~ listed once again. 
AObtTIONAL EQUATIONS UNDER PROCESS 1 ATTRIBUTE i 
EQUATION# 
1 XX<4>=RNORM(3.495,.78) 
2 XX(3)=C0SCA(3)) 
DELETE AN EQUATION? (Y/N): N 
ADD AN EQUATION? (Y/N): N 
IS EVERYTHING CORRECT? (Y/N): Y 
If you answer 'Y' and another attribute for the specified 
process has additional equations, they are listed and the 
cycle repeats. 
If you answer 'Y' and another attribute for the specified 
process does not have additional equations you may enter 
additional equations for that attribute. 
Once you have finished adding, deleting or modifying the 
additional equations for this particular attribute, Menu B 
is displayed. 
1. MODIFY A PROCESS 
2. ADD A PROCESS 
3. DELETE A PROCESS 
4. CHANGE THE# OF PARTS TO BE PROCESSED 
5. FINISHED MODIFYING 
ENTER (1,2,3,4 OR 5): 5 
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When you are finished editing the file, enter 5. The file 
will be saved and a FORTRAN subroutine will be created, 
compiled and then linked with the simulation program. A 
sample copy of this subroutine can be seen in Appendix I. 
!unning ~ §j.mulatio_!l 
Once the FORTRAN subroutine has been constructed, compiled 
and linked to the simulation program and you will see the · 
prompt: 
C: \WOfUO 
You are now ready to run the simulation. In. order to do 
this just type the following at the prompt: 
C:\WORK>SIMULATE 
Once you have entered the above, you will be presented with 
Menu D: 
1. Use an OLD output File a5 a NEW output File 
2. Create a NEW output File Name 
3. List all old Output File Names 
Enter < 1 , '.2 or 3) : 1 
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Remember th
at the outp
ut file nam
e CAN NOT h
ave the sam
e 
name as 
the input f
ile. 
If you ente
r 3, a list
 of all ou
tput files 
will be dis
played 
and then th
e above opt
ions will a
ppear again
. 
If you ente
r 1, the fo
llowing wi
ll appear: 
Enter the
 Name of 
the File 
to be used
: EXAMP 
If the name
 does not e
xist, the f
ollowing m
ess~ge will
 be 
displayed. 
EXAMP 
DOES NOT E
XIST AS AN 
OLD FILE 
You must e
nter a ca
rriage retu
rn in order
 to continu
e. Once 
you do so M
enu D will 
reappear. 
Remember th
at if you u
se an 
old file na
me, the co
ntents of t
hat file w
ill be destr
oyed 
and replace
d with new 
information
. 
If you ente
r 2, the fo
llowing gu
idelines wi
ll be displa
yed: 
Enter the
 Name of 
the File 
according 
to the 
following
 guidelin
es: 
1. The nam
e can be 
up to 8 a
lphanumer
ic charac
ters 
2. The fi
rst chara
cter must 
be a lette
r 
3. No spe
cial char
acters ma
y be used 
<*,I,?,! e
tc.) 
Enter the
 File Nam
e: OUTPUT 
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If the name entered already exists the following message 
will appear: 
OUTPUT ALREADY EXISTS 
USE IT ANYWAY? <YIN> : Y 
If you answer 'N', Menu D will appear agairt. If you answer 
'Y', the next warning appears: 
IF OUTPUT IS USED THE PRESENT FILE WILL BE DESTROYED 
USE IT ANYWAY? (Y/N) : N 
If you answer 'N', Menu D will reappear. If you answer 'Y', 
the simulation will continue. 
When you enter a name that does not exist, the new name is 
checked to be sure that it adheres to the guidelines given. 
If it does not, one of the following messages will appear: 
THE FILE NAME CAN NOT BEGIN WITH A NUMBER 
THE FILE NAME CAN NOT CONTAIN SPECIAL CHARACTERS 
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In either case a carriage return is needed to continue and 
you must enter another name. 
Once a name has been entered correctly, the simulation is 
ready to begin. The following message appears: 
SIMULATION 
IS 
RUNNING 
This remains on the screen a few seconds. The following 
information is then displayed while the simulation ru·ns. 
# OF PARTS ALREADY PROCESSED: 
# OF PARTS REJECTED: 
When the simulation is finished the following prompt will 
appear at the top of the screen. 
C:\WORK> 
Summary Reports 
In order to see the results of the simulation type the 
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following at the prom
pt: 
C: \ WOR~~ >SUMMARY 
The following options
 will be displayed: 
1. LOAD AN OUTPUT FI
LE 
2. LIST ALL OUTPUT 
FILES 
ENTER (1 OR 2): 1 
If you enter 2, a lis
t of all output files
 will be 
displayed. 
When you enter 1, you
 will be asked to en
ter a file name. 
Enter the Name o
f the File to be 
used: OTPUT 
If the name does not 
exist, the following 
message will be 
displayed: 
OTPUT DOES NOT
 EXIST AS .AN OLD FIL
E 
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When you enter a carriage return to continue, the options 
will be displayed again. 
Once a file name has been entered correctly, the following 
title appears for a few seconds. 
SIMULATION 
SUMMARY 
REPORTS 
Then the following message is displayed: 
SPECIAL NOTE: 
IF THE USER WANTS TO END THE PROGRAM WHILE 
IN THE MIDDLE TYPE CTRL-C. NO DATA WILL BE LOST. 
TO GET BACK INTO THE PROGRAM TYPE SUMMARY. 
You must type a carriage return to continue, then Menu E 
will appear: 
1. Display Summary Reports 
2. Display Histogram Data 
3. End the Program 
Enter <1,2 or 3): 1 
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If a 3 is entered the program is ended, 
If a 1 is entered from Menu E, Menu F will appear• 
1. Display the Entire Summary Report 
2. Display Selected Parts of the Summary Report 
Enter (1 or 2): 1 
If you choose 1, the following ts displayed: 
1. Display Summary Report 
2. Print summary Report 
3. Display and Print Summary Report 
Enter (1,2 or 3): 
Once a choice is made the entire report will be routed to 
the correct device and then Menu E will reappear. If 1 is 
entered from Menu E, Menu Fis displayed. 
1. Display the Entire summary Report 
2. Di~play Selected Parts of the Summary Report 
Enter (1 or 2): 2 
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If you choose 2 from Menu F, the following options appear: 
1. Display Summary 
Report for a particular 
Attribute 
2. Display Summary 
Report for a particular 
Proc~ss 
3. Display Summary 
Report for a particL1lar 
Process 
with a particular 
AttribL1te 
Enter (1,2 or 3): 
When you choose one of these options you are asked for the 
appropriate information and if the report should be printed, 
You are asked if you wish to see another report and if you 
answer 'N' Menu E will reappear, 
1, Display Summary Reports 
2. Display Histogram Data 
3. End the Program 
Enter (1,2 or 3): 2 
If you choose option 2 from Menu E, Menu G is displayed: 
1. Display All Histogram Data 
2. Display Selected Histogram Data 
Enter <1 or 2>: 1 
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If you choose 1 from
 Menu G, the follow
ing options appear:
 
1, Print and Displ
ay all Histogram 
bata 
2. ONLY Display His
togram Data 
3. ONLY Print Histo
gram Data 
4. Display all and
 Print Selected H
istogram Data 
Enter < 1 , 2 ~ 3 or 4) : 
Once a choice is ma
de the histograms a
re rputed to the 
correct device and M
enu E will appear. 
If you choose 2 from
 Menu G, display se
lected histogram 
data, the following 
options appear: 
1. Display all H
istogram Data fo
r a particular 
Attribute 
2. Display all H
istogram Data fo
r a particular P
rocess 
3. Display Selec
ted Histograms 
Enter (1,2 or 3): 
When you select one
 of these options, 
you are asked for th
e 
appropriate informa
tion and if you wan
t a printout. You 
are 
also asked if you w
ish to see more data
 and if you answer 
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'N' Menu E will be displayed. 
An example of each of these different types of reports can 
be seen in Appendix I. 
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NOTES: 
1) All file names must be entered in capital letters. 
2) A ctrl-C must not be used to exit the program when 
entering a file name because the control character is placed 
in the list of files and causes an error the next time the 
program is executed. 
3) The number of processes, the number of attributes and the 
number of e·qua tions that may be entered is restricted by the 
size to which the respective arrays are dimensioned. 
4) There are five random number generators available, which 
may be used in the modifying and additional equations. 
These include: 
a) Function RNORM(XMN,ST)- RNORM is set equal to a 
random number from a normal distribution with mean 
equal to XMN and standard deviation equal to ST. Both 
of these numbers must be real. 
b) Function UNFRM(ULO,HI)- UNFRM is set equal to a 
random number from a uniform distribution with the low 
end of the interval equal to ULO and the upper end 
equal to HI. Both of these numbers must be real. 
c) Function TRIAG(TLO,TMD,THI)- TRIAG is set equal to a 
random number from a triangular distribution with the 
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low end of the interval equal
 to TLO, the upper end 
equal to THI and the mode equ
al to TMD. All three of 
these values must be real. 
d) Function EXPON(XMN)- EXPON is se
t equal to a random 
number from an exponential di
stribution with the mean 
equal to XMN. This number mu
st be real. 
e) Function RAND(I)- RAND is set eq
ual to a random 
number between zero and one f
rom a uniform distribution. 
The argument I is a dummy var
iable, however it must be 
assigned an integer value whe
never the function is 
used. 
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A Simulation for the Evaluation of 
Tolerances 
in a Sequential Manufacturing Opera
tion 
by 
Jill B. Wootten 
Abs.tract 
A user configurable simulation is p
resented which 
models sequential manufacturing ope
rations with imbedded 
inspections stations. The machines
 are defined by sets of 
modifying equations which are used 
to alter specific 
attributes of a part as it is proce
ssed. When a part leaves 
a machine, an inspection may be perf
ormed to determine if 
the attibutes are within specified 
tolerances. If one of 
the attributes is out of tolerance, 
it is recorded as a 
reject and is removed from the line if so inst
ructed. The 
number of rejections and statistics on an attr
ibute are 
collected for each attribute modifi
ed by each machine. Data 
for a histogram for each attribute 
may also be collected. 
Output reports are generated from t
he statistics and 
histogram data that is compiled and
 can be constructed to 
fit the specific needs of the user.
 These reports provide 
the basis for critical decisions su
ch as changing a 
distribution or tolerance range. T
he simulation can be 
easily modified to accommodate thes
e decisions. The user, 
in effect, has the ability to creat
e and modify his own 
simulation which is easy to implem
ent and is informative as 
well. 
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